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. B POREWORD P

‘ A workshop was held gn October 10-11, 1974, at the Creat Lakea Environ-
mental Research Laboratory {GLERL) of tHe National Oceanic and Atnospheric
Ad:inistration (NOAA) 1in Ann Arbor, Michigan, to identify future priority Great
¢ Lakes environmental research initiatives for GLERL. The International Field

. Yeag for the Great Lakes (IFYGL), an ongoing major multidisciplinary re§earch *
initiative for which NOAA has lead agency responsibility, has completed \:he

data collection phase; rese-arch, analysis, and sizmulation will continue until

approximately June 1977. -The §ollowing question thus becoaes timely: What)

Great Lhkes environzmengal research ould Be pursued by GLERL as a follow-on

initiative to IFYGL on an in-house and\contract basis, through aultiagency !
- coo?dination, and with a possibility fo. joinz United Stdates-Canadian pargici- H
pation? - ) ~ .

Central to the GLERL mission is the development of t}nproved sethods of -
.enviromental simulation and prediction in its broadese sense, Several sugges- -
tions have been nade for future GLERL research initiatives which invoke data
collection, analysis, and modellng of nearshore environmental dynan*cs, near- .
shore and lake- scale water movements, aquatlc ecokogy, environmental dynimics
of Lake Michigan; Great Lakes water levels, flows in connecting rivers, and
flooding. De_liberation nceds to be given to these and other subjects to artive
at the most pertinent research priorities both from the scient'iflc viewps,}/gy";
- and ‘from the aspeet of environmentdl information to support GreatT Lakes research
'nanag%ment. . - . [
. The workshop was convened for the following purposes: i
(1) To identify future Great Lakes environmental research {nittatives
- (1.e., major re’Search programs of the pultimillion dollar, 3- to 5~
. year duration Variety--geypnd the normal GLERL resource) required
to provide a satisfactory state-of-the-art in environmental\\simula-
tion and p‘rediction to support the decision process for Grea Lakes
activities. - - ' .
LI "1 (2) To provide the university research communi'cy an aportunity to
) discus‘\s and recomfzend future Great Lakes envin.onmentai research
initiatives. . . Lo ]
«{3) To consider possible United States-Canadian joint1 research Lnitiat}ves.
. (4)° To identify logical<research follow-oms to IFYGL. ’\
Q) To provide background for subsequent developme'gt of a preliminary \\ !
- - research plan by the GLERL staff. This plan will be coordinated
with other agencies ‘as appropriaté to consider jcfnt reseerch
. initiatives. The ensuing GLERL program document will“be)sibmitted
through NOAA channels for support 1n the 7Y 77 budget. p1 A :
a'he workshap forma’t included a plenary session w,(th perspectives and .

structured tesponae in eight fields followed by five work group sessions and .
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a final plenary <ewforr ’

1hu .principal speakers in the plenary opening sessio
took stcik of the ucro

Pllshﬁ@n(b and deficlepcies of Great Lakes emvironze
- .;esedrc

h in IFYGL as well as in other research programs or projects in opcder
to set the stage for the Worestop discussion sessions. 0f concern is sMhat has
been learncﬁ and what aréethe proper scientific questions that shous
” what resexr h~qu ;ctives ire now logicsl
defined to ;f'

be asked,
, and what achievable pr

¢ objectives., Of concern also are the us

ll-h ,‘T‘ll\\

needs for
envirdamenss afErvation.

Tne responders either presente their vigws on the
T

topic tu <<ded The perspective Znyen by the principal speaker and/o

r reviewed
aajor points raised bv the princip:l speaker

With tié background provided in
the- plenar% séssion, the tadividual work groups digtussed and 1dentified
research fniristives in teros of the following guidelines:
(1) Piscussthe state—of-therart of simulation and p;;diccion aﬁH‘Ta'htify R
Ehe resetrch required to further it. .
)

piscuss IFYGL and other research pnograms/projeccs in terms of res

e rch
. . ceomplishrents, deficiqncies, and the logical next research step :?
A , . (3) 1denpaify safentific questions, objectives, and products.

< (4) Identify user needs fo; improved environmental information.
! )

Genarilly consider methods of approach ;ela:ed to the research
sequemns ¢ (data-collection, analysis, modeling, evaluation?) .

Each work group developed o priority listiag of recommendations which was

presentéd at the final plenary session for discussion and reached consensus

. L]
. on & coordinated listing of prioricy research initiatives.
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7 —purRopUCTION E, J *Aubert . -

. Welcome to this workshop'at the Great Lakes Environmental Reséarch Labora~

>

N tory (CLERL)., We are the newest, research component of the National Oceanic and
. Atmospheric Administration (NOAA) Environmental Research Laboratories. We plan
to have a workshop proceedings; that is why a tape recorder is being used. We
felt it might not be reasonable to ask all the speakers to come with manuscripts,
80 our nplan is ,to record and transcribe the workshop. Proceedings will then
ve Published for limited distribution. The proceedingi'will be primarily for

the attendees and q?e therefore yiewed as a working document. I would like to

express appreciatioﬁ to several, pedple in GLERL who have participated in -
organiziﬁg—ehis~workshop up to this point. I would like to acknowledge
Art Pinsak, who has been my deputf &n this; «Bob Branlet, my Administrative
offlcer, who has solved many logistics problems; Maglene Hein und Jean Grasso,
who helped reglster you; and Dave Norton and Steve Bermick, who are assiscing
witl projection and fecording Many others are also involved.
I have identified five objectives for this workshop. The first objective"
is to Jetermine future Great Lakes environmental research initiatives. Many of
us have becn‘lnvulved in the International Field Year for thé,Great Lakes
(IFYGL), and although IFYGL ‘is not yet completed 1t 1s desirable at this point
CU take scOLk of what we bhave ac;omplishﬁd both in IFYGL and in other Great
Iakgs research investigations that we expect to complete in the near term.
, Then we can look at where to go from here. I frequently use the word simulation
id the program outline. The word is used in a broad sense to represent the end ‘;
pﬁ;duct of a sequenie of resear.h endeavors involving both fileld and laboratory
observations, analysis to organize the informatlon and to better understand the
process and phenomena, and simulation to organize this information In a predic-
tive model. A predictive or simulatlon model mad be theoretical or numerical. .
A‘feedba&k mechanism exists in this research sequence and requires many feed-
baik loops. Modeling fs part of the learning process, and as I view it, the
simulation or prediction prpcisgqn represents the state-of-the-art for the
“envirowmental sclence 1nvolved.; 1f we simulate or predict poorly, we do not
understand very well. ' .
The second objective {s to prpvide the university research community an
opportunity to dlscuss and recommend future Great Lakes environmeptal research
N initliat.ves. We do plan, as a result of this workshop, to prepare an initiativg
fo} the budget process through this Laboratory. '

. The third ob)ective 1s tu consider possible Unite? States-Canadian joint
fesearch initiatlves. Recognizing that the international bounéary tuus down
the niddle of foui uf the Great Lakes, one muust, if one plans to undertake a -
lake-<cale lnvestigation, recognize that advantages méy exist for a joint
United States-Canadlan research program. All initiatives, however, need not

\Te lake-scale. Likewise, one major lake 1s in the United States.

El{lC ~ ' 19 v
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The fourth objective is to identify logical follow-on research to IFYGL,
and the fifth objective is to explore priority research needs of some of the
major NOAA users, such as Sea Grant, Office of Coastal Zone Management, and the‘
Nitional Weather Serviue. In other words, as 1 see the scope of this workshop
and the scope of this, Laboratory, some of our environmental research is to
support NOAA users. It isipostulated that & suitable joint research effort
between GLERL and these usqrs would improve the total NOAA environmental pro-
duct. He visualize the program of GLERL as a Joint in-house and grant or \
contract Ventura‘ rather than solely an in-house effort‘ .

- The attendees a; this meeting fall into two groups. people from NOAA and®

Great Lakes resdarch from universities and private institutions. GLERL has
a large representation at this workshop. The following NOAA units arev&lso
represented: Environmental Monitoring and Prediction, Marine Resources, Sea
Grant, Foastal Zone Managenent, th; National Weather Service, and the Environ-di T

' ) mental Research Laboratories. . PV
The workshop will start off in plenary session, which will continue §,

through this afternoon. Work group sessions will convene this evening and -

will continue in the morning. We will then reconvene in plenary session

tomorrow .afternoon to hear the major>points and recommendations of each work-

shop group. Workshop sess}ons will not be recorded on tape. The summgvy of

the recommendations presented in plenary session and the discussions uhich

. followwill be recorded. ’

The first plenary session has been structured to give perspective to the
workshop. If you look closely at the program, you will see that all the topics
in the plenary session today line up with the work group sessions. Item 1.1,
the View of IFYGL Research, and item 1.7, Simulation of Environmentalrbynamics
of the Great Lakes, both are background for the Envi;p;mental Dynamics work
group session. Two topics also back up the Water Movemeéts wofk ;roup gession:
items 1.2 and 1.4, Sinulation of Lake Scale and Nearshore Cirqulation,
respectively. Likewise, two topics provide background for the Aquatic Ecology
and. Water Quality w }k group; they are designate%'dhder those titles. “

. Simulation is being used ih the broad sense I described earlier. One plenary .
session topic lines up with each of the work group sesgions on L;ke-Atmosphere
Interactions and on Water Levels and F}ows. 1 view siﬁulatioq nodeling as
the research process which organizes all the knowledge gained from observation .
and analysis into a preéictive framework. Simulation is the end product,
although the ability to simuiate requires the Complete'\csearch process.

/ . ’
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v l- PERSPECTIVES OF CREAT LAKES RESEARCH - . _s“(
.' \‘5\ 1. 1 View of IFYCL Research - C. H. Mortimer " , ; i
. What have we learned and where do we mere? It is really too

early to say what we have learned from IFYGL.

re just beginning to look
ot some of the results, but planning must go on and bujgetary plannihg must
be done seyerzgl years ahead of -ti;ne; this meeting is tl\ refore timely. But,
in order to, cut the speeches and get to the debate, I have prepared a handout
, (table 1) which is by no.means «.ompreheqsive. There are others here who can,

" of course, go back into the history of IFYCL whdn it was a gleam in the eyes

of the, founding fathers of the steering committee. Dr. Chandler is in & much

better positior than I to tell you about that. I jolned at a much later stage, -
»

Qith the Water Movements working group. .
- " /:/\ The IFYGL program was Lln mary ways unique in that it was the first large-
. s'scale attempt to scudy the physical limnology of the Great Lakes. The major
institutions on both sides of‘_D( border took part; six research vessels, &
number of gmaller «.raft; and over 600 scientlsts and technicians from both
sides of the border were involved. So, on the Great Lakes scale at least, it
was 'big sclence.” It started ay a cofnponon; of the Internat_ion:}l'Hydrological

VDeCade program and therefore hydrology had an lmportant role. Meteorolog’ists

* yame lntNlle program early add pl&ved a great part in it. I am not competent -J

S

. to speak of the results in that field, but I am sure gihers will do so.

Then, at a fairly Lste stige, resulting from proposals some of us

made at a meeting of the International Association for Great Lakes
CRY T hiolog{i.n‘u‘ chemistry srece udded. Of cobrse, IFYCL, like many such
la ’ge sclentifiq projects, had the tusk of selli;lg° the programs to governments.
Thé, presence of 4 water quality component helpbd, but it was also ¢ignificant
that this u:ss ap important attempt to weld thé program id physscal limnology

to bYology and « hemistry and to bring the principal users into the picture at
the begi.nning of planning.
- . Tible 1 libts':l nurber of themes. It'is not complete, and 1 am sure

. others will be idded. ’ i
How are we going to measure the progre:;s of IFYGL? 1 belleve progress

will be measurable mainly in t'hr;e main categories listed as columns I, II, and
1II. As_this workshop continues, I.hope you will be able to fill in some of
these columns--they are left blamk ut the moment. It is a game vou can. play as

1e wprkshup proceeds. Column I lists progress‘in estimating known effects or
'b'ctt‘r estimates of things we have known alreddy but need tyg knmow with a greater
precision. Cul:mn IT relates to new discoveries or improved,understanding of
operating mechanitms, and column III, alrea:iv referred to by Gene Aubert,
relates to predictive queling capabilify ‘uhiuh environmental management needs

and is willing LW:. H

)
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Table 1. Progress in Accomplishrent of IFYGL Objectives
¥
IFYGL THEMLS , PPOGRESS 1IN*
1. FEstipat- II. Discovery II1I. Pre-
Lo, ing known or improved dictive . .
. - ’ cffects understanding  medeling
. - of mechanisms  capability -
Water Quaiity: ) .

(a) i» basin; inflow, out-
flow; evaporation-=
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(d) diffusion and dispersal ,
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The first theme 1y Witer Quantity, i.e., bas}n inflow, outflow, and evapo-
ration estimated by various methods. What was attempted was a large-scale

Lake Hefner experiment. In the classic experiment on Lake Hefner, the water
budget and encrgy budget methods were used to proQide estimates of -evaporation,
that important but dsually ill-defined term fn the water balance equation.

It will be interesting to see how nuch further progress has been made as a‘
result of the IFYGL work. Hy.guess is thag we can put a small plus in colu;n
I there. Others will be.talking about the attedpt to estimate water quantity
in the air mass.

A lot of effort,was put into another theme, energy fluxes in and between
alt and water. Most of the ship time was taken up in measuring thermal
structure of the like and its changes with time. It will be interesting to
see how nuch cloaer those estimates are and how puch further we "have proceeded
beyond Sweers' (1969) surmary of knowledge of Lake Ontario heat budgets,
published before 1FYGL started. My own guess here is that we shall be able
to put a small plus under column I, a query in column II, and a sm3ll plus
under colamn I1I because an improved estimate, of course, gives improved
predictive modeling capability. My strategy in maklng such sweeping and
certdinly debatable statements 1s to generate discussion. If I may inmsert a
conclusion from later remarks on "here Do We Go Prom Hére,” I believe that
future investigation should concentrate on the dynamics of key mechanisms,
rather than repeating the use of research VESSCISrfOY _large-scale surveying -
of quantities that we know already to a falir degree of accuracy.

I will touch briefly on the remaining headings in tqple 1. Where substan-
tial modeling efforts were attempted, I have inserted **M. ’ '

Water motions fa&l into various classesldepending on the space and tine
scales that were considereJ there were programs on short surface waves, iong
surface waves, and seiches and associated modeling efforts which were quiée
successful, There have been a number of notable advances, for example, oq
D. B. Rao's normal node analyses and Paul Hanblin's treatment. aA good seti of
water level measurements is ava}lable for ve:;fication, and new results coz-

en

cerning both the gravitational and rotational modes of Lake Ontario have b

_obtadned., A lurge set of observations of internal waves, bizi short and lang,
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w13 made using several instruments. Pb[ticularly FarreIl BoycCe s thermistor
vhain and the undula!&ng transducers that we towed from the research vessels.
Analyslis has only begunl but some of the patterns are beginning to emerge. I
believe these will be focused more clearly when we recognize the epigodic

nature of the forcing functions. We can already put a small plus in cofumn II ~

N
as a result,of the discovery of internal surges on the upwelling fronts.
. . .

1
Sweers, H. E. (1969), Structure dynamics and chemistry of Lake Ontario,
Mari ciences B?hnch Department of Energy, Mines and Resources,
Ottawa, Canada, Manuseripl§ Report Series No..10, 227 pp.
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Whole-basin circuldtiun patterns have been successfully modeled (Bennett }
Simons), warranting large pluses in.colu:ns I1 and III. Another strong featurf
of the IFYGL progras was the atten(mpid to coastal circulation and coastal
currents through the setting up of coastal chains both on the Canddian side

and on the United States side under the respective leadership of Profs.

Csanady and Scott. They will present some of the initial results, so littlé

needs to be said here. I prediét that we shall be able to log some large

pluses in columms II and II1.

The work done on diffusion and dispersal‘ﬁ"ﬁurthy‘ Kollénberg, Csangéﬂuﬁ\*\\\
and colleasgues has provided much improved estimates of the horizontal and

vertical dispersion and diffusion coefficients. Therefore I believe that/gll

three coluzns will register pluses. 5
Deep lake sedicents were not studied in detail under the IFYGL proéran,

altﬁough there was some work, particularly at Canada Centre for Inland Waters
(CCIW), in sedizent distribution and inputs. Water quality and biological

. studies were added to the program at a later stage, and these ;111 be reviewed
later in this workshop. For these I believe we can insget pluses in column I
now, perhaps a plus in columzn II later, and in due co\‘ a plus in column III.

"Where to From Here' is the ?gég theme of this workshop and I have made _
a few suggestions of my own on table 2. You may wish to scan first the
paterial at the top and then go to the "Preparitory Work in Advance of

. Vev Field Programs.' .

If 1 may expand a little on some of the points summarized above, I
a, strong plea for thorough analysis of the 17{cL findings to exploit full
investment. We all know of examples where this was not done because funds,
dried up after the field work was completed. For exauple: consider a
$13 million program on the Greét Lakes just over 10 years ago. Few results
have been published; others are still in 1{mbo; gregt efforts have largely
b%en dissi%ated. That, 1 sincerely hope, yill not happen to IFYGL.
Therefore, we should strongly press for thorough digestion and exploitation
of the pregent findings, if only bgcaupe we can take steps fé}ward on their
foundation. ' .

My second. plea is for "prior modeling," t.e., modeling before the experi-.
ment 1is designed‘ We had this in mind during IFYGL planning, but we did not
have time or funds to do it. . ¢

My third plea is for prior instrument developmen: and reliability testing.
IFYGL haﬁ had its successes and 1its failures. Perhaps we do not want to dwell -
on the fallures, except to learn from them. On the U. s. side, the planning of
water movementg instrumentation left a great deal to be desired. Instrunenta-.
tion requirenents were consldgred by the water movements panel, but the design
plans were not. The aclentistgs should have made a recommendation ai to whether
the adopted, real-time te{syé{%iruas worth the additional cost. In th; end,
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Table 2. Seleerted Puture lings of Pesearch Ime Zxd*ng Vodﬂltﬂg .

1. Vertical mo¥lons and structure--air/water ipteractions; vertital fluxes ¢

of mozentun and heat {(buoyancy), two- and three-dimensional modeling of

- .

" thermocline history.

-

2. Horizontal rotions and dispersal--scafes andrmecbanisms; horizontal
shear effects (see 3, which follows). n
3. Inshore/offshore exchanges apnd partition of energy--mechanics of upwell-

}ng and subsequent uhole-basin‘}esponses; shore-trapped long waves; .
‘ generation and decay of nearshore currents.

4.  Assembly and critical review of all available chemical and biological data

for the purpose of model testing, nodel development, and design of

effective long-term monitoring strategiles. : L

Preparatory Work in Advance of New Field Programs

1. " Thorough analysis of present IFYGL findings to exploit fully previous,

.

investment.

ro

Prior modeling to focus on key questions and to improve design, of
expertmental programs along the selected research lines. )

3. Prior instrument develqggent and extenstve reliabilicy testiqg, under

rigorous field conditions, designed to provide answeérs to key questions
identified under 2, above. ’ .

4, Encourage interagency and interinstitutional planning to optinize use of

. .

research platforms and funds.

. -
1
little use uas’m#de gj this feature. Also, as is so often the case, what

appear to be small details of design and seamanshi. can largely determine
succes; or fatlure. For example, déring 1FYGL, it was not possible to change
tae gas cylinders on‘the Texas' Instrument buoys .. rouga weather because

the buoy casing was awasn. Breakuouns: coupled witu a 3u-jour limit in the
packup tape, led, to considerable 1oss of data during particularly
lateresting episudes. Standard, well-tried, self-cowtained instruments of

conventfonal design used by CClW were more successful.,

L

\
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My final plea i~ tor interagency and interinscitutional planning of the

kind we are starting todav. we must recognize that a number of agencies,

* on the L.S. side at least, are developing plans for Great Lakes research on
rather o large scale. aAlthough they tave different aims and missions, each

agency 1» looking to a similar tvpe of lake research to answer par:icular.

questions. Tnerefore, 1n order to obtain maximum benetit from expenditure of
2

the federal dollar, coordination 1s called for. \
.
B
- e - —
R
1]
’
P
. ;
¢ .
B . .
. R
J ’ K2
L e . ) .
. _—
- «
. . - .
I .. N .
. . .
[ ’ *
. s é '
. . 4o ’
. v L}
. f - M
. . .
- .
" <
. -
. * ’ !’
" ; .. . ‘
. i .
’ ) z . PR
- h L] -
) A » . 4 .-
- . > . .
. .
. ! ‘o, . PR
B 1 ]
1’* * . . .
‘LS ' . . . LN
. ol o * «
s | .
- € % 4
. . .
* . . .
M k-2
. ) - .
» . T, e . .
- .
- * r ‘
p . -
N .
P ) . , ' P
v . . [ ' - ) ’
. 4 - ] ‘ -
Y + 8 y
$ . « . 4 » . *
ERIC - » . ,
>
£ - .

kS




. -~ .

&
1.1.1 Response - D. C. Chandler

In dn overview of the IFYGL program, 1t seems to Te there are two
categories of benefits der.ved from that Experience: (1) direct and concrete
gains'inhthe forn of scientific dara and technologtcal idvancements and,

(1) indire ¢t and intingible benefits in tt¢ form of attitudes, viewpeint, and
general philosophy about the Grest Lakes. ‘ '

The first categorv has been summarized by Dr. éorti:er ord the remainder
of the day will be given over te : discussion of specific and detailed '
sciertific giins. Therefore, I will confine rv hrief remarks to the second
- category——indirece and :ntangihl:> benefirs, ¢

I feel that the IFYGL preor'm (nfluen-2d the attirides 2nd vievpoints

- f Great Lak.s investigators in rinv wars, but I will co~ment er orly fou- .
« _ - aspects for the sake ~F breviry: ’
@ It was the first successful atterpt at 3 mulridisciplinary study of a
Great Lake with speciil emphasis on the total system (biologfcal, chemical, N

and phvel.al processes and phenomena of the lake Jater and thg inter-

" actions of the water wish {ts ataospheric and geolé%ic boundaries). The
components or elements of the program were not necessarily original or
imaginative, but rather they consisted of (urrent procedures, nethods,
and technelogy. Howthr,.jc\dznOnstrdted without question the advantages

. . of this approauh over Lhe resulés of individual or small group effort.
. (2) 1t demonstrated that the Creab’Lakes are mesoscale aquatic systesms,
requiring th; application of oweanographic ﬂerhodo, equipment, design of
- field szud», management procedures, and level oi funding in the conduct -
. ’oi researzh. It further demonstrated the féasibilitv and desirabilicy of '
raultiple ship synoptic Covefage of the lakes. = .

(}) It also emphasized the irportance of an international c;;perztive effort

involving government agenctés, }ndustr}, and academic inst.tutionsz‘ No

single organization possegs the total ﬁapabil‘;ies to study adequat%i?
\. the Great Lakés as 2 total system. | VO

(4) It created an opportunity for many interested scientr§ts.co becope

. 1nvolvéa in 1 way totally closed to individuals or small %roups. <
As one ywho has been involved in Great Lakes Jresearch for more than three

decades, I am gredtly impressed by the éresent—day wide acceptance, among Great
‘ Lgkes.researchers, of the nultidisciplinary, coéberative app;oarh to Great Lakes
inve%gigations. ‘Prio; to the fleld year, the,predowihanc attithde apong the

1caden1r scientiiic community was ofhe of emphdsls orr individual effort with com- 4
plete freedon to pursue 4 specifdc problem which required low levels of fund;ng.
The field year progran afforded an opportunity for the first time for academic
scientists to partfciiﬁce in a }ooperative effort involving their specific in-
'terescs and with higher levels of funding. I believe these scientists are in a
[fayorable mood to continue this kind of involvement, and I sincerely hope that
4n the near future another multidisciplinary cpoperative Great Lakes %rogram will
. be launched. It 1s to be hoped that such a program would build on the experience”
of the fig}d }ear by avoidlng the mistakes of that'effort and strengthening Ehe

- - ’

‘areas Jf success. , [

»
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1.1.2 Response ~ F. Aubert

I will give a bricf sverview o IFYGL. The pdint has been made that 3

lot of apalysis mmst st1ll be aceomplished. The IFYCL schedule includes plans
1o continue 2he IFICL imalvsis phase until 1977. It is desirable to give
Derapen Tioe to e resetr b Lo (=~lisnmente and deficiencies, althaugh I

re.ognize tnit =y perspe-tiwve 1s incomplete. IFYGL 1s so broad that I doubt
atvone, Protessor Morrimer excepied, . in dequitels define all the IFYGL major
‘qc:osplxs§mcn!\ ad def1 fenc1ese I suggest three questions or objectives

i ire limited., Participants will have

. o« -
for future resear n., 7 ose objer tives

future resear~h i1deas "0 suZwest for consideration ine discussion in this

JOTKSHOP . .
TFYCL addressed Like Ontario und the Onfario Basin (f1g. 1). At the time

of tnis workshop, near the ;nd of 1974, we have completed the first four

scheduled astivities (tible 3 and the data management-archive generation is

nearing conpletion. A lyrge duta base is being generated fa both thé United

- : We anticipate

Stites and Camiade.. Several vedrs remain ifi the analvsis phase.

many rore ‘resulss from vhe research analysis phase than what we have

-

1Ct5ﬂpl‘?ﬁed + thrs point. ’ Y .
C O TRrE fekgsce .

ACTIVITY . 1971 = 1972 1973 . 1974 1975 1976 1977
Develop technicsl plam v ’ - )
Prepare for field program » ! i .

Hel.d “ycdr operitions ] .
Engineering, lestugyand data -/ o .
system comparisons ' -
Dat i managenent-archive . j ’
Analvsis ' - N
. s
' Table 4 15 an ovérview of the IFYGL scientific objeciives and projects.
Eight di%fbrent major projects address these three objectives.
cable 4. IRCG PeoSuoote avd ObJectives
B
SCIENTIFIC OBJECTIVES PROJECTS i
To deternine litge- Atmosgpheric water balaace
<r&10 processes | ' L.ake heat.balance
. t Terrestrial water balance
- ’ ; " Evaporation synthesis .
o .- '( Materials balance .

1
To determine small-scale dis-
s .

tribution, vartabilicy, proﬁesses

To model 1imnologf?al, hydro=-

19

logical, and meteordlogical
properties

o

Q -

MC : 10

T .
., +

Atimospheric boundary layer’
Water chenmistry and biology

Atmospheric boundary layer
Tetrestrial water balance
Water chemistry and biology

Water movemént .
N
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. Table S, shows rhe o jor planned scienci?iﬁ;technical products. , .
S ailo 5. Myt Plammed Sofentifie-Teennical Products.
' . : » .
Analysis of budgets--lake, basin, stmosphere ’
v : water, heat, materials e ' ’ 14
. Analysis of natural distriby fon and var seility--what
“and uhy’ .
Physical quantities, chemir” concentritions,
) biolegical properties » . . ’
Develop and test models for anal;E:%./ 45n$s§s, A i
prediction and sinulation of interdependent physical, L
. - chaical, and bidlogical properties o )
- . Reports . ‘ . -
: LF\GL suientific reports, articles and agency scientific
- reports, technical reports on data acquisition systems t
. 7. S '
: Oklx‘a few of these productg have been achieved at this time; all are antici-
! pated by 1977. Eight major IFYGL international 8ummary scientific reports are
planned for completion during 1975, 1976, and 1977.
Table 6 1ists the major IFYGL accomplishments and deficiencies as I see
them at this time. The data collection phase is completed; we had some successes .
and some fallures. A large data archive will result. Theé natural distribution
and variability (¥DV) analyses include budgets and small-scale distributions for
the various projects listed. ELittle variability analysis will result from the ,
chemical and blological program since no suitable data were collected for this .
purpose. Likewise, little variability analysis will result for mean and eﬁgy )
~~ ¥ransports of chemical constituents. With respect to model research several_
significant efforts are underway and signi#cant success has been achieved. -
1 ah not aware of anv predictive modeling research that 1s underway’ in the
o, nearshore at this time, but research plans mdy be initiated within the next” - e
N year or 6. There is lirtie test and evaluation-of these models due to the . : 4.‘
fact that they are relatively few. Jue i model development of the physical “ 7
. circulntion was perhaps one of the first, and his model is at the most 2 years .
old.  His first model has had several versions. g
- ’ Wwith regard ro publicatiohs, we prepared a proceedings of the IFYGL f
1 1974,

symposium held at the American Geophysical Union (AGU) meeting in Apri
In Xpril 1973, there were about 20 papers presented at the Great Lakes
Conference and published ims the International Association for Great Lakes
Research (IAGLR) Proceedinge. In August 1974, there were 5S4 IFYGL papers

. presented at the Great Lakes conference, and I would expect that next year

‘ there May be even more.

o5
.
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v Table €. [FYGL Accomplishrents and Deficimmctes to Date

i

!
!

i

, Some sucgedgps, some failures

pata ¢ollectidns--complete

N .
archive nearly complete .

Large dat
Analysis--ndtural distribution and variability

Budgets
- Terrestriaf water budget, atmospheric water budget, lake

budget, r1ss balance ¢

. Preliminary analyses complete
Sma}ll-Scale

- Water movements and boundary layer
L4
. Variability analysis partly complete

. Some eplsode analysis
- Chentcal budggt
Siatus of lake surveys nearly complete

. ~little variability dnalysis

- Trangport -

. ,Ll:Eie wariabilicy aé}lysls
‘todels, simulation ~
("atér rovenme s o,

- [Leoke-scale circulﬂtion' .

Saveral ceveloped~ lxnitud tes{fng and cvaluation
~, Neoarshere cirenlation -

None developed »

Boundary layer

- Mesoscale phenomena and processes . .
Several developed, limited testing and evaluatior

Cheﬂlcal budget
- hater quakztv . N ) .
Several Gnder development, no testing Jnd evaluation

" -, Ecology .

Under deyveloprient, no testing and evaluation B
Publiritions
- -Proceedings of ‘American Geophysical Uu;on Symposiun
- Papers for International Assoclation for Great Lakes

Research Conference (54) ° = .
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 Some ideas for questions or objectives for future research are contained
in table 7. There oupht tv be better evaluation of lakg—scale circulation
modess. A se.onc 1item refers to the nedrsﬁore--therﬂ have been interesting
studi€s in"IFGL and Interesting results of nearshore phenomena. We do nmot
fullv understand, at tiis point, the mechanisms of the nearshore jet and ’
che traneport ind ex hange pfOCCbSyS.- Fypothuses have been postulated, dut
.hey canno: be adequately tusted with the dsta collection in IEYbL. Tue '
Jteristry and Liology rebe;rch was & late entcv Iin IFYCL. A .ot of research
is uwid- rway, and significant accomplishments are anticipated. Theiéﬁgﬁzgiiy
ind biology data collect_ons are, Ecwevzr, cf insufficient intensity to
Suppur:‘varidbility analyses and detailes ecological model developaent. The
third itex ow table 7 recoxmends more intensive chemical and blofogical
experimenta. and podel research focusing on :yplcdl\nearshore reglons.

. —,

L2le Fo mwaifons aid lfuetives For Future Rescarch

- r)
. To evaluate lake-scale circulation models;
Deterzine uncertainity, refine podels 5

Apply models to mandgement questions

. To determine varfabilicy of nearshore gircula:ion
and materials transport,
Improve understanding of processes
- bDevelop and test simulation wodel

‘f Applywmbéels to management questions ’ , o
¢
. To determine variability of € and B properties in a typical

«

nearshore region,
Develop and test models (1-D, 2-D, 3-D) to simulate-
observed variability .

Apply mode}s to management questioné




1.2 WATER MOVEMENTS: SIMULATION OF LAKE-SCALE CIRCULATION - J. B(BnnettI
Prof. Mortimer's outiine had three boxes: estimation of known effects, -
progress in discovery or improved upderstanding of mechanisms, and predictive
N capabxlity While Prof, Mortimer is inclined :o give pluses in-most
of these Boxci{ I am more skeptical. I think we have JuS( Jbarely scratched .
: the surface in yodeling. “Most progress 3o far has been 1n understanding the |
K ;odels, which is a far crv from understanding the lakes. I think we have o~
elusidated quite 2 few of the phvelc il ~e hatisms that should theoretfcally
* happen in the lake. Wy had 3 fairly foggy view of- some of them before, for
exanmple, propagation of low irequéncv waves, and I think they have been shown
theorctxgdlly’and observationall® to be inportant. As far as quantitative
prediction of these processes, I Ehink we are still a long way off. The
' gechanisms 1n the model are probably just being understood now, and it took
a long time to do thit. ' - .
To give just a brief review of the modeling that did take place “in the
IFYGL program, there were seven nunerical models oﬁ%;ake Ontario. That says- ' |
‘something ilready. Some peovle (onqxher it undesirable to have this many;
athers, myseif.ane luded, considar this healthy competition 1n most cases.
The nodels have been ny own, Jue Szmgn s, “Nobuvoshi Baba's, a student at
Princeton {the model was for ¢iis thesis). . The thesis was very interesting,
‘ind I think 1t will turn out to be one of the cheapest contributions o the
IFYGL program sinje it wis Jdoue without anv support from the prog}aﬁ. It is
the only mndel I have seen run for the <hol narization scason. It 15 « 17-
level three-dinmensional model which runs for & months at a time using typical
winds. Another nodel is that developed by Pundolfo and Jacobs, an ajr-sea -
iaterx.tion mode]. Bonham-Carter and Thonmas of the Lmversity of Rochester
have developel a model of - the Rochester Bav area, Thié approach has a lot
of potential ind L thint it may be what wb wil} be looPlng for in the iuture.
Most of the Applqutxons on the Lakes 1nvolve shaller scale shore-based -
épcration,, and the toiversitv of ko hefrer sedel {5 the firet step in matching .,

. A smalleseale shore-hased model to a Latige-sc le laje model. Another model .
developed 1n the last vouple of years was David Paskaushy's. Tﬁe other numerieal *
modely 1o mak«'x; Lomplete, was B. B. Kiv's two-layer model. He is using £
to nnderst ad anternil waves aud seiches in lakes. ’
There are this number ot models because a lot of models of natural budies
' tof water ran be applied to lake Ontario. S
%hqrc fs 4 log of astivity in numerical modeling, but I do not think most
of the rug%v o hat been made in that Jfrea. Manv analytical studies have -
had mah morv 0f{vvl on the design of the IFYhL experiments. The simple tyo-

. layer nodel of Csanady, for instdncc, had more efigrt on the deslgn of the

progrim than any. &f the numerical models. Ome of the weaknesqes u{ the TFYGL

. program was that thers wis no thought given to uysing models to dcsign the .
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Pprogram. Compare that to the Mid-Ocean Dyn&mics Experiment. A workshop was
held a year or two before they designed the program; a group of people got
together at the National Center for Atmospheric Research and played with
mmerical and analytical models to design the right observing network for the
progran and to try to guess what they would measure. In any physical problem,
it 1s always a good 1des to try to guess what thesresults are going to be, even -,
1f it goe§ not turn out that way. '
I have a couple of fairly concrete suggestions for designing field programs.
First, I do not think the Great Lakes research community should devote much

effort to developing numerital techniqueé or put’ too much emphasis 0a the

»

technical details involved in modeling. I am not saying that the Great Lakes
" community canﬂwahfford to fund projects that are simply concerned with the
tethnical details of modeling. There is a huge literature in numerfcal model- .
ing: and mathematical modeling in other fields which can be used and we Just
canngt add much. There are a lot of well-known tedhmiques in numerical weather
predlction‘(such as-matching smgli-scale models to lafé;-Scale models) that
are not being applied very well to the G;:ht Lakes. . .
Technical details will not be dwelt on becguse I assume anyboay who can
do modeling can read those himself. We can ;éKé for g;anted that most people .
in this room could generate a numerical mode} and T do not consider that )
a big feat anymore. The main difficulty wiEh numerical modeling is lack of.
-3 ’ insight into the Great Lakes in order to abély them, and this turns out to be
a very qtfffcult problen.
To give an example where I think‘ﬁymerical models have some definite B
weaknesses, <[ am using Bob Pickett's slide of July temperatures during the IFYGL
program (fig. 2)}. The basic featufes of this temperature distribution have
been understq?d for a long time. We do not need IFYGL to tell us,. for instance, . ¢
that in July there 1S a residual pool of cold water “at the bottpm of the‘lake,
or that the south sHoge is warmer due to dowqyelling and perhaps the inflow of
the Niagara Rlver is quite warm this time of year, or that there is upwelling
on the north ‘side.
Figure 3 shows the resultant current field In July at”l5 m depth,
and the dynamic height patterns can be calculated from the temperatur; field.
What is {nteresting about them 1s that they seem to be in::;;:iiz,ézggistent. -
There seems to be a big cyclonic circulation of the'lake. dynamic height
method seems to work in estimatxngathe currents. If one did not try to predfct .
these currents with a model, the explanatiornt of a big geostrophic'gyre would be —
quite qntlafdttory. Unfortunately, none of thé models Bive thig. I think
Ehere is something fundimeptal golng on here that we really do not understand.
If we have an understanding 6f the mechanics of the models, then they can help
us understand basic phenowena like this. 1t is easy in any model to- gét &ast~
ward flow on the sou:h shore, buc the trouble 1sg gecting the flow to turn )
around and go back west on the north shore. As you know, the prevailing.wind

is from the west and tends. to drlyé the flow in shallow water toward the east.
: 4 L4 .
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) The question is, why dues 'the windﬁgot have a bigger effect on the- current?
If you did not know better, you would say the temperature pattern generated
by heating and wind, produces cu;rents that are essentially in geostrophic
§quilibrium with no other wind effect at all. ‘e
Figure 4 ghows a temperature field f;;m oy model for July. It is supposed
. t5 comparé with the flrst slide. It 1s aot too bad a fit. There may be some
weakness?s in it, but I see no blg-froblem; warm water {s present on the south
shore, the b1 coldspool 1s in the center, and upwelllng‘occurs along the north-

., west shore. The basi.)features are roughly correct. Almost any model can be N

tuned to glve 4 patterfi that looks more or leés like this. N

Figure 5 is the vertlcallv averaged flow. This is strean-function in
units of 10 CNBSEL 1. Instead of having the one big g¥re that the observed
current has, it has a relatively large cyclonic,gvre and also a smaller
anticyclonic gvre in the northwest .. )

P Figure 6 ds a graph of the ea;tward conponent of the current. The mbst
s gliring error Is near the north shore. It shows all the shore water }lowgng
tfoward the east, and those measurements by Bob Pickett all ‘show the current
flowing towird the west. It is not a mat:er.of the observations elthgr‘because
othér prople have measured current even closer to the north shore at other
tines of tne year, and they also say that the current on the north shore of
‘t l .
Lake Ontario f» to the west. This is something we fundamentally do not under-
s stand. :ﬁowever. I still have hope that 311 these problems can be ironed
out with the IFYGL data. I hope that the mode{ing expertise we have built
,%pgintéye last couple of years will eventually esplain most of the IFYGL

rbn@?gcasurenents. This knowledge can be used to design a new field

<§noéher suggestion [s that serious thought should be given to ‘running at
: /{ one model operationally during any field experiments. Thfs is a sugge;-
tlon from Joe Sifion. His ardument is that numeri.1l weather prediction {ﬁproved
, when meteorulogists had to make a forecast'everv day. They found out they had
blunders which had to be corrected. It is not "Just a matter of saying 'We
predict 1 Kelvin_wave over-in that gove; see if you can find it." Operational
modeling, would provide discipline for the modelers and a means for continual
testing of the model. After the f}eld wort, modeling can still play an lntegral"
role lnalnteryretﬁtion of the results. .
I suggest_that all the nodeling take 51ace at institutions where data
analysis is going on; it is helpful to have modeling work hand-in-hand
with analysis of the observations.
T would ;gsu suggest thit the modeling program should retain versatility.

It should not rely on just one numerical mddel, but it should keep many people

* involved In mideling and the analytical and numerical models should be used

im conjunction with analysis of obsdrvatlons.

» [
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. 1.2.1 Response - D, B.'Rao
. .John Besneat has priempted me pn.g;;ctically evarything 1 wanged to say.
I basically havé to dgree with everything he said.

In tems of ugdeling, the Great Lakesscommunity could comvenieptly use
nathematical techniques derived from numerieal deteorologists over the last
three decades instead of expending ?fforts on.developing new techniques. .

When we look at numerical models of the Lakes (John Bennett has described
gseven models or so), they consist basically of two categories: the barotropic
homogeneous numericdl like models and tpe baroclinic numerical models where
baroc¥inicity is either at fixed levels o¥ between'movable interfaces. The
barotroplc models have been.successfully used over short~time scales in hind-
casting studles of storm surges primarily on the Great Lakes by Geor&e Platzmian.
They have been fairly successfgl in reproﬁucing what is observed, and perhaps

- one might say they are ready for operational use. On long time Scales, baro-
tropic models an be used to look at seasonal circulation patterns and steady-
_ state dynamics. . ;
Thg two most elaborate baroclinic-mq}tilevel models ar'e those of Joe Simons
7 i of CCIW aqg John Bennett here. They have been integrated over long time ,
periods. Perhaps one can start' using them operationallly, although I guess you
cannot put £orth the Information for public use like a weather forecast.
The nmodels can be run with the idea of undérstanding. First of all, how -
clo»e does the model simulate phenomena that have been found in observations?
Or mdybe new phenonena‘can be discovered. These applications should be looked
.4t 10 temms of analyzing the dynanics of the models, rather than comparing
with observatkops to see how faithfully cyrrents and temperatures at a given
point and time can be reproduced. Even tbough the numerical model may not
. exastly reproduce some observed features, it still gives information for
analyZing processes in thé lake. Examples are coastal upwellings, nearshore
processes, origeneration‘of internal waves. Also, things like the importance
ot honllaear Jdynamical prucesses and ingeraction between coastal and interior
* zounds of the lake can be upderstood. ! '
The coastal zone is' important, of coupse, from both the biological as

v

well as the waste dispersal point of view. Wastes are injected into the coastal
aread, and those areas haye to be modeled fairly well. Large-scale numerjical

e . models might give some lnformation on how strong the interaction is between the

coastal zone and open lake. .
: As Dr. Aubert said, "How does one go about developini limited-area numeri-
cal models whlx% probably do not exist at the moment?” Tn meteorology there are
linited-area models which use large-SLale model infbrpation. These techniques
L . are cvailable.« ‘ R * *
Finally, 1 feel a government ¥Astifution 1ike GLERL or perhaps ccw

[ canndt only run models on an uperaclonal basis, but can see to it that, when
these models are put together, ﬁhey are sufficiently general so that dnybody
can make speciftc experiments by getting atcess to these models. This is

. what a gelieral circulation, model 1s supposed to be. M
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1{? 2 Response -‘R. Pickett - ’ - s .
I want to co~ mment on a point John Bennett sade about using a nuserical
model iq essencia*ly an operational.zode in a son-of- IFYGL experizent. Predic-, «
tions would be made and ‘checkad during the field progran One of the problexs ’
in the past was thit several years wete required for data processing. If
one looks over the lake-scale studies thdt Prof. Mortimer mentioned, in each’
case somevhere in the range of 4 to 6 years were required before the data were
put in a useable form and before a data report was produced. Prof. Mortizer
also mentioned that data from studies of Huron and Superlor were never published.
' $6, at least to my knowledge, these studies are still unedited recordings on
rape somevhere.
John Bennett also cited the IFYCL data. This {s 1974 and tHose data vere
taken in 1972. We are just now reaching the stage where we are integrating amnd
editing both colntries’ data and 2nalyzing the resBits. That seems to me to be
too long. Certainly if future field operations are planned, more thought should
be put into how the data can be made available in a shorter time perkod. . h
What are some of the things that can be done? Certainly, we can take only :
the data we need. For example,~we took 6- and 10-minute observations in TFYGL
and calculated hourly averages. I think with present technology hourly averages
can be calculated at the cransducers and just the results transmitted. We °
_should be able to get the computer in the process sooner. .We eould then do
sone high-speed editing so that observations are Lrmediately verified or thrown
out. We cculd display the data over the whole lake in the manner of .the ~
illustrations by John Bennett. They were done by using a computer-coupled
cathode ray tube. We could also, if we stage another field year, test our -
analysis ;nd editing procedu;es before the field work is begun to make sure
W theyhgre tuned up and working well. That way we would not go through a r -
year of development to come up with procedures” to handle the data after the .o
field worck. . 3 ) .-
Finall;, there seems to be a Lrend tc put most of the effort into fleid .
worck; vhen pzople and Yesourcec drift avay so that few zre left co craak
thréugh the loag-term processing. 1 taink we wcuid do well in planaihg v
future fleld wotk to koep eroagh effort in df:a prozessing to squeese It ’
2. to ‘the shortest time pesfod. Until we do, thare is no way of getting® '

. tie kind oi feedbuck we nfed.» 33 ~e bump iato quastionable dita now in IFYGL,

B Je camor f£ind cuc whag happened. Was the current lncro:sing or wae the
sensor drifting at this.particuiar level? What .8 the mest probabdle -
, explanaziop? The field people have forguttea or gone.
*Someone once said, patu is lifle Jresh meft -1. spoils very quickly."
de have to ccmprese the period of years that it row tak=s to proccsu data.
other~iié we will neve’ be able to uce numetlna‘ nodeld in en)tning approaching

. ]
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7 1.3 DISCUSSION . - .
Aubert.” We are funning a lf‘ttc ahead of schedule. Even though discussion -
was, not planned in this plenary session, we could entertain discussion for Aabout

10 minutes. Are there comments on thl\wplenar} session up to this pointf Do

. 7

I hear any cogtroversial géiﬂts?
° Holland. There were two contradictory recommendations made, I think.  There
was the cost of this real-time business. It would be large, but telemetry is
;ecessary. Prof. Mortimer suggested that telemetry was unnecessary in IFYGL
because there was no real-time use made of the data. This 1s, in gﬁsence,‘as 1
understand his cowments.
Mortizer. In the water movement prograz, yes. * 3
. Holland. If one were to go into real-time predi€tion, of course, telemetry
would be essential. Also the Preparation of the system would be essential,
the shaking down of all software, all data processing, editing, and analysis.
Despite automatic procedures, the ;ta;fing would be heavy. During the course
of the thiq;, you would have to have a team han&ling the data, so the cost
yould certainly peak during the operatio?s phase. The cost of data processing
and analysis would peak very heavily during the operations itself, rather than
- being distriguted over time as they are in IFYGL. I think some of these things
are essential in order to assure the success of the field progranm itself. Pa;:
of the problem with the IFYGCL data is that we did not have test daéa and
pxqcessing procedures in advance of the program and had to develop these after
. the observations were taken. Then we face these unknowns. We find that we
. do not have enaug& information to know exactly wliat we are doing. There is N
? ’ consiae;able merit in the suggestion, just In the interest of guaranteeing a
successful data collection effor;. But I think it has to be understood that
it is very costly and it introduces a lot of technological uncertainties.
Waintenance is an example. A 30-hour or a 30-day backup recorder cannot be
relied on to serve this purpose. If the communications go out, you have %;d
h it, so more re{}dbility 1s needed. Faster trouble shooting 1is needed and it
gets to be's much more expensive project. :
Bennett. When I suggested "that a model be run operationally, I did not imply
, that all the observations would be real-time. One can run a small-scale L.
nuferical model real-time or he can hindcast. Every weekend you could run the |
™ ! ﬁrevious,week with the observed winds, keep track of your predictIon model
through the field year, aud get vyrification data anywhere you wanged to whenever
_you had an opportunity te keeb the model in tune. It is a long way between that
;nd real~time collection and processing of<data. . N ’
fiolland. J. Bennett is probably right. The real-time system may be quite ex-
pensive and not worthwhile, but there could be a lot of data collected within
. a week or so. If the model were in one g 1ab like this, the data could be

3

e

used to tune the model on an unof ficial babis.
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Aubert. Does anxbody ¢lse have qomments‘on this point? 1. Holland mentioned «
) several points which in IFYGL added to this 2-year lag between oE;efvation ;Lné‘
1 and data availability which R. Pickett referred to. That is, €Ehe data process-
) {ng procedukes were not available, developed, and operational prior to the
start of the field year. Part of the reason for this was that the equipment
was not fully developed'and tested before the operational period started. No
developmentil data base existed on which to.develop the data processing
procedures. . The development and testing of data acquisition systems take a
lot of lead time and _this did not exist for some of the data systems. The
systems did not exist at the time they were needdd for an orderly development.
- This resulted in the lag, and the data processing procedures were developed‘ -
after the fact. o
J. Bennett, vou mefitioned the desirability of more intensive testing. I
guess you are adding the dinmension of testtng on a routine basis. By routine
operations, you do not necessarily mean that a new~ id!;gration would be started

everv day or every 12 hours. Once a week might be enough. ‘

Bennett. Yes, even every 2 weeks could be useful. You would not want too
wmany iterations. I¢ would be an intellect;al exercise more than anything. You
- gould send out” the model results for comment to the field investt;atbrs e&%ry
month or so and ask whether it agrees with what they saw in the lake or ﬁot;
Birchfield. I think that would be particularly useful to view what goes on
in a lake. Or it could be look&d at from an epigodic point of view because,
it a large storm goes by, then some data will hopefully be coming in frog some
aspects of the storm that will reflect its passage over the lake.
Holland. J. Bennett was right."Evenxif a 2-week time scale is used for
ginulation, data must be coming in curreatly, but this would be a less
expensive alternative. It certainly costs less to do a 2-week type real-time
operation than it would to do_a day~by-day real-time operation. But it would
still be azsterile erercise. You would run your models every week or two and
you would aof kyow whether they hall any correspondence to the 'real world or
not. This would not be very interesting. So data must be coming in. Tt
. certainly would be possible to design a scaled down system to decide what
pararieters you want, what averagtng time you.want, how quickly you have to get
then, and how to size the thing to fit your pocketbook It might be a month
instead of a week that you could af?ord to- handle it in a real-time sense.
Then you could go out in boats, p}ck up the tapes and process them, and
check yourisimulations on that kind of time base.
Bagr. Could I ask 1 very sinple-minded question? I find all the digcussion on
lake~scile circulation, assuming it wﬁll be a son-of -IFYGL as I heard it ca1139’
of. equivalent scale, magnitude, and major activities. Ape therg not things
that need to be done that are not so big? -
’ Aubert. Doeg somebody want to rise to that question? '

Q -
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Mortimer. I'th}nk that will be answered By the end of today or tomorrow. )

Aubert. Yes.,&ifis not the general polnt of view that there should be a son-

of-1FYGL. Ifiyoz giill have that question at the end of the plenary session, -,
it should be brought up at a workshop. Tt is to be hoped that it will be an- .

swered bv later presentations. . ;

Mortimer. 1 want to make one point i1s a kind of footnote. I am not agalnst

\
|
real-time éelemetr\, and T think some instruments migh; be designed tlrat way.
what [ urge fs that the instrumentation debate and decisions should sit right
in the heart of the scientific proéram plhnning. They shopld not be dealt
with by eome distant agenvy in Washington. Success in the end depends on
fellable instrumeats and on seananship. For examplé, in IFYGL there wa{ litcle
@oney to service the TéXdS Instrument buovs. I belleve there were only two i
smill motor buats based in Rochester, N.Y. They could not operate in rough
weather; therefore they could not get the propane cylinders onto the buoys
unless the weather. was caln because of the buoy design. If the buoy Broke
duwn: the weather was roggh, and the 30-hour backup tape had rum out, there
was nuthing that could be done about it. Of course4 Murphy's Law being what
It 1s, the most active eplsodes often occurred when' the most interesting
recorders had brohen down. There may be justification for real-time telemetry
on perhaps 4 limited riumber of instruments, but the information cost is much
Tess with self—ronialned recorders of proven design. Now, having said that,
I alsv sav that the instrument contractors deserve considerable pralse. Theirs
was 1 new, entry to the oceanographic instrumentation field; when they saw the ®
diffiryltieq, they pulled out 411 the‘stops‘to mahe things work.
Pinsah. I would lthe to make one Point to clarify our perspective. Is the
intent to éeqt the model or to test the data? Fronm the trend of discussion,
1 presumpt fon seens to be that the data are al{ goud as they come In from the
ohser&xng system. This, of course, is not true. If the data do not fit' .
the model, there would then be 4 question as-to whether to adjusg the model or
to adjust the data. N ’
Aubert. I think we had better cup off the discussion at this point. The next
item on the agenda f; Water Movements: Nearshore Circulation. The lead talk
wil] be given by Dr. G. Csanady of Wpods Hole Oceanographic Imstitution, .
folloyed bv responses from Prof. J. Scott of State University of New York,
Albany, Prof. G. E. Birchfield of ¥orthuestern, Unfversity, nd Prof. o

T. Green of the Unliversity of Wisconsin, Madison.
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1. ATER WOVEHENTS SEARSHORE CIRCULATION - G. Csanady , -
' - In the language d{vdynanical oceanography, the "coastal boundary layer”
(CBL) may be defined as that band of water within which any Ekman drift ’
. perpendicular to shore reduces to zero. Giyen the presence of stratification, .
b frictionless finid theory shows the width of the CBL to be of the order of the
internal radius of deformation, the magnitude of which is in most cases between
5 and 50 km. In the absence of 'stratification, the width of the CBL nay'be .
“expected to be determined by frictional effects.
The only serious observational studies of the CBL appear to have beert
carried eut in Lake Ontario in connection with IFYGL. We should note here
that the CBL extends much further from shore than the 1littoral drift zone (LDZ)
which hag been studied extensively by civil engineers, geologists, and others.
Within the LDZ, the momentum of incoming surface waves 15 rectified by dissi~
; 'pative processaghand cawyses a longshore current. The width of this zone is
- from wave brea:::z depth to shore, or typically a few hundred meters. In what

follows, we shall he concerged with the bulk of the CBL which lies outside

the LDZ.
(I . The IFYGL- related “observations have firmly established a qualitative

W

difference between the current regimes of the CBL and those of the deeper,
nid-lake reéion. Within the CBL, observed'uater movement s are nostly shore-
parallel and ¢'current-1ike"; outside the CBL, they vary in direction in a

~  periodic manner, being more nearly "wave—like." The IFYGL observation§:SUPPIied
a detailed description of nearshore currents and leave no doubt about the
distxnct identity of a CBL. 1In Lake Ontario, the width of the CBL is of the
order of 10 knm. .

A particularly important consequence of the distinat flow regime in the

CBL is that pollutants discharged nearshore remain trapped within it for
prolonged periods. This has been often noted in connection with effluent and
rivervplunes which generally turn shore- parallel after discharge and has been &
docunented by specific dye diffusion experiments in Lake Huron.

o Linear theoretical models “of wind- driven flow in a stratified fluid have
ylelded the—concepts of coastal jet and Kelvin wave. Considering the simplicity
of these nodels, they have been remarkably successful in providing an
intellectyral framework for the interpretation of dhL observations. I Haye
recently compiled a mqre detailed review of thegéhievements of linear .
dyranics. ) / ) :

+  An aspect of linear dynamics not completely resolged yet is the precise
: . influence of depth yariations on depth-integrated flow or "transport." In
' shallow water, transport is downwind, while inp deep water, return transport
occurs--this duch is generally agreed upon., However, the precise effects
of friction and of the earth's rotation on a flow pattern left over from a
uind impulse remain uncLear.' Although the CBL usually lies well uithin the
dounwind leg of the topographi:ally controlled transpott gyres, a rotation of .

this'flow pattern, or its rapid spln-doun gy friction, is an important deter- S
. Y
\aminant of CBL behavior. .
\ ~
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3 Some espectally -interesting nearshore phénomena occur early in the heating

. season during the so-called thermal bar period. IFYGL data provided much

greater detail on tae nearshore flow structure than available earlier, and these

could be intetpreted in terns of dynamical concepis uith somg’gonclusiveness. - e

Given-the distinct identity of ‘the CBL, it is a legitimate conceptual ’
. rmodet so‘speak of mass transfer between one black box called “CBL" and another
’ black box called "mid-lake.” From a practical podnt of view, this particular
exchange process is of evident Importance. Exi;ting-evidence.sﬁows that under
sthitified conditions the flushlng of the CBL is associated with onshore~aff- .

I3 shore movements of a thermal fronmt which is the nearshore upwelled or downwelled
end of the seasonal thermocline. The structure and behavior of this fromt is
knowa in a gross way and qualithtively, but is poorly understood. Figurés
7 and 8 ghow an example of ngarshore‘upweiling and assoclated coastal jet =
observed during IFYGL. Linear dynamics indicate large isothérm flovements near-
shor¢, but the theory is so far incapable of describing anything but ‘'small” M

. . displacements, small thats;is, compared to equilibrium thermocline depth. A
particularly difficult feature of this p:qblem is that the lake boq;ém slopes

LW away from shore gently, but quite significantly in the sehse that the water N

depth can easily double o; triple oyer the nearshore slanged‘portioﬂ of an
upwgllgd or downwelled thermoéllne.

In connec®ion with upwelled or downwelled fronts, one would like to be
able to answer questions relating to thelr gentration and-dscay, the factors
wﬂich determine how far from shore an upwelled front (say) stabilizes, or how
long it takes for such an upwelled front to relax to 1ts “horizontal equili~
brlum\position. Also, one would like to ; ow the{magnitude of the mass -
exchange betweeﬂ the CBL and mid-lake associated with the development of an

‘upwelling, its logdl disappearance upon thq passage of a wave-like front, or

its eventual frictional decay. These questions involve the effects and
B paraneterLZation of tutbulent friction in a strongly statified shear zone, time-
~/r/} dependent Inertial adjustment to a state o£~equilibrium characterized by the

— presence of an Inclined front, and finite displacementgfgz\fiuid columns over

- ~a\§132}ng beauh% problems all well outdide the scope of ex{sting linear theoxy.

One tonsiderable contrlbution the Great Lakes community could make to
uuednography would be a thorough donumentation and understanding of upwelled
thermal fronts. In the Great Lakes, these f:onts are not much more than 5 km

. from shure, and the luglstlcs oﬁ\Ehglr study is comparatively slmple, certainly
4 in comparison with oceanic fronts‘more.than 160, km from shore near_the
eastern seaboard of North America or their‘counterparts in the southern ocean
thousands of kllometers from major gceanogrdphic facilities. The understanding
of the generation and maintenance 95 such fronts 1s a key outstanding problem

in oceanography.
L4

, - ’

33 3 |
ERIC . Y

Aruitoxt provided by Eic: *




4

B - .
N

s

ra.fT S0l decu1og Ceuoigpie Evyf Coraviup ngxmm, 3P (Do) CENOFUOD LalBUZOST K N
L4 ° ‘-; .
Se
R N f %
3 3TWIS ¥ILINOTUN
‘ . - 2 S L
. . oo R . ¢
L4 A \
TN, o NOLIoA v~ S2
14
v o
m
g ]
-t
. I
-1st =
- %3
-t
. m
° Py
o0 v
9 S
N
2 " o1 6 8 LI 9 S 14 € 2 i ON NQILYLS
A 2L6! = 9AJ] .
v44NS INVT g
v SNOILVLS #OVd . YMVHSO
N - . t N wb
- * v h) i > .
. ’ N . ) ’/
* -
-t N 3 *
'S 4 on%.
. 't

-

Aruitoxt provided by Eic:

O
E




4 % . .
. . » Ee w.:um e T -, L -r: Wore oy i - . v
! . . = ¢
. 09 x — — < e -
. oz ‘ . 5 c9 |
. , S N Ne~— 700 -
R . \ / /:/ . . . 3W0S H3L IACTHN B
L3 . " { a - / .. - - 2. -
5 ‘ ; . L
. T e - .
' o
. ov oY &
. B - v B
) ¢z WO1108 3xXv3 =
. x
u\ ocltt - eh) . —
- . S M 2 E
: s = =]
{ 0z o :
- : " ONH by
- ’ * . ——
34 -
o
. f
- .
’ .
2l n ot 3 8 I 9 S Yt < 3 o ON NOMVLS
. 30v4¥NS  Inv a6t — 0Azl
‘ ¢ SNOILYLS 9V3 YMYHSD «

IC

2
<
PAruiitex: provided by ERiC

O

[




1t should also be pointed out that the current state of understanding of
turbulent friction in the CBL is unsatisfactory. It is not clear, for example,
; how far momenéum advection by Ekman drift or horizontal womentum transfer by
¥ turbulent eddies are dynamically important in the CBL. One's best current
guess 1§ that both of these,are §f§;23?41n magnitude; and both are mach ., L
! important than momentum transfer to the bottom by turbulent friction. Without
further detafled studies, one cannot say whether this is 8o or undem what
conditions it ceases to be so. . N
A probably related problenm is the explanation of the observed asymmetry
of "right-hand" and "left~hand” COastal jets (looking dounwind) Observations

wind impulses to be stronger than jeft-hand ones. As a corollary, time-
dveraged flow or lake "circulation” have been observed to be cyclonic.
Right now there are four proposed mechanisms on the market purporting to ex-
« plain this phenomenon, but none is completely convincing. All explanations
invoke some aspect of turbulent friction or of monlinear momentum advection,
although in qu%te different ways. This“is a relatively happ§ situation for,
planning further -research: We know a phenomenon exists and we have some
tentative ideas uhy, the task being to decide between rival 'theories.
Theoretical studies of nearshore frictional effects have suggested the
Cprobable existence of a kind of l'secondary flow" in a vertical plane normal
T to the coast, onshore flow within the top layer being compensated for by off-
- shore\flow below, or vice versa. Such secondary flow, superimposed on coastal
jets, could turn out to be of great practical importance in connection with
pollutant dispersal.k However we have not so far been able to relate such
theoretical models very well to observation, mainly because of the relative
crudeness of observations, or more specifically, the poor accuracy with which
\onshore-offshore components of nearshore currents can be degermined. Thus’, we
do not know the magnitude of the parameters that would realistically represent
turbulent fricEion. In at ieast sOme of the extant theoretigcal work,
specific assumptions are made regarding the magnitude of the frictional
parameters, mostly to the effect that "horizontal" eddy viscosities are quite
large.. What little we know about this problem in the Great Lakes does not
agree with such an assumpcionn‘ A crude analysis of frictional effects, based
on empirical information on friction in a mixed layer, leads one to very
different conclusions from what some of the friction dominated theories
would predict. What we clearly need is further fundamental knowledge on
turbulent friction in the nearshore zone which would emable us to agsess the
probable lmportance of the kind of secondary circulation mentioned above.
Another point in connection with .the long<term average'lake circulation
problem already referred to above is that in pollution dispersal problems we

are concerned with Lagrnngian properties of the flow. in sfmple terms, how
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during IFYGL have shown right-hand jets produced by either westerly or 'easterly -
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does X given water mass get from Nlagara to Torontq‘(or vice versa. It is no?
rtain\that averaéed data from fixed current meters tell anything at all

abput the, granglan circulation. No long~term experiments have so far been

cafried out to determine the relationship of Eulerian and Lagrangian average

y -
¥elocities, and we <annot really predict where a batch of pollutagts released

fiearshure would end up in a few days.

’fh the design of ;ewage outfall; or water intakes,lit Is necessary to
model the dispersal of effluents in the mearshore zo;é. We have some informa-
tion on.diffusion paramete}s, but these have so far not been telated to the
specific flow structure of the coastal zone. The strong coastal jets {llustra~
ted in figures 7 ahd 8 above are certain to influence nearshore diffusion in
important ways: wnén one part of a diffusiné batch goes faster than another,
the batch becomes elongated and its dispg}sal may gé.expectﬁd to speed up.
There is no systematic quantitative inforpation on similar effects.

Further reflection on a number of the above toplcs 1ead§ one to the con-
olhsiop that ?ur greatest current need is for fundamengﬁl understandini of
various key ph¥sical processes operating in the coastal zone. The IFYGL
observations were designed essentiafly to elucidate_the large-scale, lake-wide
response of Lake Ontario to such forcing events ¢s a major storm. The resulis
cf thgsé Sbservatlons 1ave led to a satisfuctory unaerstanding of the fxrst;
order flow pattaru. The next step .5 ool more large-scale obseivation, bul «
well-focuszd experiments ained at such fuadamental prabAeﬁs as density frout;
atd turbulent friciion. Je~need ¢ grelt deal cf thought and depth in our
next approach, rather than breadtn anud extensive coverage.

>
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D 1.4.1

Response - J. 7. Scoer ‘

Gabe Csanady mentfoned eaperiments 1n s.parate scales, d I . conpletely

eaarks That is, we should conceatrate on well- focused experiments on’ °
dxffe'ent phenom~na

° W= dp ot h‘ve all the results in frou IFYGL, so v§ canno: really
dete.minc ali of the iateractions between scales. dut 1 have a feeling tnac
scales are golngjpo ve very d.fficult €0 sepurate fo; certain phenc@ena. For

exanple, €sanady 'showed taat large-siale features and waves vesy deflnitely

“ 3iting stuales vhere, oy law, you have :é gv out and put up a4 current meter
tw optain a year’or sv ol data. You have no idea what is going oa in the rest
‘ of pke laka. Yhe same sorts of remarks apply €& what he said about Gpwelling
and dpunv?&ling. These are also to somz eatent governed by faatures of <he

large=scele circuiation.
? SO0

I want to omnent on what some of* the others have said. A lot of those

cotments fit togather. Flist, Z11iff Yortimer's comments about prior instrument
They were lat: in. cntE€ricg "i.e ITYGL prograuw, and there were difficulties in

- zarly inctrum.nt package W2 lopmenl: Perhaps S1ERL could deveiqp a set of
busic instrumensarlon that gould be utiliced in diffefent p ograms much l;ﬁei
F"IW dces ﬁpw. CCIW had o lot of eiperience w;tﬁ :peir instrumert systems
sefore IFYCL, whercas we did n;L. However, 1 am not disappointed with soéb of
the datd” Sich ITYCL.

Alother cummert relates to what Bos Pickett and Tohn Baunet: sald oa
ey.es. 1 hav" ideas waich [ think are sligh~ly Jdfferent irom rthefrs. My
idtas ave that la,ge shorc-boufided walcs migrate sycloni.ally «rounp the” )
laku Tiwy ceciy and a aéw aveat *t1.ts. This results fr that mean,
cy lonic gyre basically beciuse:the short~rern flu tuations are sometr iras
Jarger rhan the mear,

17 peozle are talking to each’ ot.cr, 3 let of these diZferences ca@ be
froned out; but when we are saparated we all develop our own ideas.
Bennett did say that when modelers work together With the data people, better
results can be achieved. 1T agree with him and think that -another role of
this Laboratory.could be that of,éetting people tdgether like this more often.
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afﬁkcted the nearchore _irculation. Thi{'is the problea in powerplant .

M %gree. Future exberimgnts shculd be designed along the l‘nes of his fizal -

v

levilopment aad rellabiliiy teoting go back to the Texas Instrunent experid!ce.

. . v
‘nstrurent developaent. This Laberatory (GLERL) couli be the mechanism for .
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p want tu go bach to something'Clifford ‘(orti..er satd when using his‘

nhle, he gave "pluses’ iur ' nc.{rshorv cir.ulation” in coluan II Perhaps ,
eventual ly ke will ;;L\ ;ne xn voluzn 111 when we have @ore tnteraction with

the codelers. I ap (m e left us out of colum 1 becauge TFYGL did
"reinvent the whcel"’r{n qa>c> The nearshere circulation and oastal u

Jcts that Csanads p'edi;&d‘,&n sew.al different theories wire rediscovered.

In "o futuresue ~ay '*ed,.s.mv( =" tr¢ long wives that both Mortimer and Csanady
. h f

have been writfag ¢bout fm‘_ Tanv vedars, Perhups w, put a Vtire” on the “wheel"
- . .
of their earlxcr./;iorl. / . .

.

s

Bob Piirett made au interesting noht, starting S(‘f‘e.dis( ussicn which will
prohably L‘on:inuc. 1t" was qn the omratxonaliﬁspmb of real-tice data. This
fnterests oe very nuch., I put ~vself un the side of "
that we can get’ a quick fook at results, Ihat was one of r.he proble:ns of the
Texss Instrument systen. They were attenp{’ing ta huildf: real -tize sysrcb
in a sudrt anount of duvclop:_mnt time. we dtd no(*arhieVe the' desired 8esu1t,

v o

but a5 Plckett puinted out, we ;',ot 'he datn processing tige down from several
years-to about two. The Canadians did better wfth the older, more fully usted

tec hniques. hbut real-tine capability has more possibilities for the future.

" Being able to 4et the data for early spot analvsis «an be valuable!1f only for

instrument che king, redesign of experiments, and help in nodeling. Another ?

13 N
thifhg thls Laboratory «an probably do pretty well would be to develop this

capabiltity. -
Yy last point relates to what ;)ave Chandler said on :-'hother to undertake

-nall or‘bi.; c«pe'rlnents. l'can touan&he large” ;ooperatjve programs though

not ner essarily as large as IFYGL., 1 saw nany indirect benefits coring out

of {[xe’IFY{,X. program, both from a planning point of view and from the point

of view of the fmpast in the scientiffc ommunity. ! -
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1.4.2 Response - G. E. Birchflefd , ,
| First, 1 want to,make ; general conment., It §~eus to me, thi: a signifi~
o ‘ cant evenp “fn" environzental scientific,research has taken place recently.

That is the eStabl.shuent of tais Labora:ory If is 1 reletively unvsual L

eveat in that .t is 2 scientific Laboranpry Iy has, as part of .its prograzs,

scientific objectivea. 1a the present orientation of the Federal Guvernment

\

' this should be given all passible enéouragement and support.
For a second general comment, ! want to refer to history for 3 brief
moment. Ptof. Mortimer cad’ perhaps sharpen my numbers. With regard to the .
IFYGL program one of the first activities in the environmental area Hhich had
- simflarities with the IFYGL objecfives'was the voyage of the H.M.S. Cnallénger. .
“That started out in 1872, or about 100 years ago. My reason for mentioning
this 1s that 1 think the ”nallvnaer was one ship at sea for 3 or & years
involved in collécting the first benuine and valuable oceadographic data set.
It collected prsical biological, meteorological. and I think, soge
geological information. ‘1 believe 1t was at least a good 20 years tefore the
final volumes of analysis of the H!M.S. Challenger's data were published.
Mn that view, the red line extending to 41977 that Dr. Aubert showed us is for
6 ships and 600 scientists. We have an enormous acount of data here, and we
are planning to analyze it in very quick or&er I then ack the question,
Is ‘tne digi:al computer enough to compensate for the difference -in t£m§ and ‘
- scale, to cope with the amount of data we have, and to get what 1s valuable

out of the data? ’ ‘

Going to the specific area, I would first like to say a few words, with -
tongue in cheek about John Bennett's ccmments. It seems to me that all our #
questions should be solved by numerical models, such as Joe Simon's and .
John Bennert's. They take the full equations -of motion without dropping any
terms. They put a lot of resolgtion in the vertical and a 1ot of resolution
in the horizontal, and integrate with good initial conditions. Why is not that\
the en; of the story? ’

As Bennett pointed out, there seems to be something they do not understand,

The purpose of repeating that comment is to point out that one does not have to
think of modeling in ferms of numerical mddels in which you. throw in everything”

¥ tncluding the kitchen gink and the scouring pads too. Are we not going to be

~ able to formulate largztniale, ‘semiquaptitative models of the major processos
that arg going on in the lake due to particular kinds of forcing Or
qualitative models? For example, if- you look at meteorology, you have synoptic-

. scale models of éhe Bjerknes school for fronts. sCan we comstruct a wodel of

* the response of a lake ¢o surface waves, to the ﬁrotrophic response, and

to the currents and thetmoclinal response in a qualitative vanner that can be

understood? 1Is the qroblem so difficult that we cannot use a siomple u 3

. gqualitative model of the. regponse of a stratified lake to a particular typical

wind forcing? I would say we can and that such models would be_of value. .
P ’ » ol
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We are moving toward developing such semiqualitative :x;dels by t;"yit;g Lo, identif;’
the processes that are icportant for these models. I would assign ‘these models -
a ;ane, socething like synoptic laké models--synoptic in thesense tt;at it 1:3 ‘
a qualitative phyhcal nodel.of circulation, including the coagtal zone.

. Speaking of the coastal zone, I woyld like to express soze ;eplly seridus N
. reservations about treating thd coastal %one as a black box.- There are processes
A ,' that- appear to occur m the coastal zone, but’ thac are intiuate\y related ta
what is going on in the lake as a vhole. We realI? know very libtle about the
' exchange processes between the coastdl zone and the deep water. 'I'he theor.ies of
coastal flow that Csanady developed--the baroctinic and barotrophic flws--are, L
. Ws he said, a first approxination to the response. Hawever, becausa of the M .-
. scharacter of the observations we have at our disposal, we are in a rather sgrious
* state of ig'norance. One could ask, are the coastal flm;s dynanically stable? D :
Are they baroclinically or barotropically unstable? Ef th;9 are, what is the

growth time of disturbanées? If the qrowth tine is sufficient does one really .-

L)

have an exchange of cass™with the ‘tdastal zone through sueh ihstability? Are
these jets or coastal flows stable over a long time cmpared’ to, the average '
- period in which cyclones go by? If the time scales‘bn coastal currents are
long ctompared to that period, can we guess that exchange processes have only
an episodic character when there is a reversal and interruption of the so—calle&
coastal flow? -
’ ¢ I guess what 1 am reaily gaying is that we do not have a very good three- ..
dinensional picture of flow in the coastal zone. We have scme good and .
informative cross sections of the flow. Ia the field year we, had about five
scattered around a 3,200-kn coastline. To really investigate the coastal zone,
which is undeniably very importgnt from the practital poinc of viev, some effort
is needed to get a three-dinensional picture of the coastal zone. This 1s

particularly true in regard to nixing or exchange of water be:ween the coastal
2

zone and deep water. - .
s The last thing I want to say is in a somewhat different ares that is not
appropriate under ''coastal water movements'; but, in lookiﬂhg over the agenda,
1 find no emphasis'on other kinds of coastal processes. In particular, I am”
thinking of the transport of sand in the shore zone. Very clo'sgly related to .
that ig erosion c:-f-’,the coagt. IFYGL was not rgz;lly,‘fn:golved in that area of

résearch, and, it m'i.gﬁt be“sonething to consider further.
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1.4.3 Response - I, Green *

) ’ I find ayself, in the lelian of third responder, agreeing with those

who agree. Thus, I have relatively little new to say here, but will chefk of f ,
afaw points. In the ‘first place, I have essentially no IFYGL experience. You
\can look upon this as either a fresh opinion or naivete. However, the Unlvf:rsitg
of Wiscomsin has beem studving coastal curfents on Lake Superior for a number,
of.y?-z‘rs,‘ using ships, airiraft, and foored instrumends; ] speak froo experience

gathered tnere. Pramarily [ have beeh, and #v bias iS5 toward, px‘}oviding
: .

"+ buflding blockg for zodelers. 1 ulso have 4 Jefinite bias towsrd snall-scale

s .
processes. This will certiinly show in what I $ay. Tn my opinion, available

. »

theories hava far ourstripped the field work; we are reallv in need of somg *
detailed field e~perinents, i.e,, the dense arrays that Gabe Csanady has been

talking abour. ', .
fwo people have ';poken before me about the problems of real<time dat; M

trinsnission. Ivagrize that this presepts a pré;blen, but would hatve to
~acrifice high-frequency current observations because of that. We should
preserve then, if at .111‘ posqible [ also am sympathetic qiih ‘the problem

~ of getting poor ddata from the field. Tog‘e, the onlvy way to solve that is for
the data uke' LO be :he data analyst, Otherwise, people six!ply are not
sutfi fentlyy Feivated. . ‘ .

s T agto&?*{hm& ig s inportm‘( towweparsre the dedp and coa?tal scales,
However, even i* the € oastal zone, thire are various scales, ﬁ river plume or
a thermal pluse haw, sdy, 4 l-km scale. In a sense, that subzone is
the most important zone- bg:caix?e It ";s <losest tu the shore. But its scale is_
different from the lo—km scafe that we norrully ds‘}(I)ClatC with the
roxsul zone. ‘i»pn"ltlng ths-se séals nd t\:elr intemrtlons will take a

dcpres,slm,l. large amount of work, I think my a" entfon would be concentrated

K . 1 -
son scales thit are evdf smllcr thag those of rhe toastal chain centioned by

. |
¥ others, 'I am tilklng about the 200-n to 1-km <couaje, Here, I think we can

Lo mand sronld mabe dire toesfirates of tramsports due 1o turbulfnce.  VWhen
. .

'1

we Fook at thie . aler, sirpaltane ity s ctucial, *IhTs is unforetnate, but I
A .
> o .\ot see how to get aronnd simultaneits ind dense drrays of instruments, I -
a .
[ %) t‘unlw l’lmL the lonyshore firection s lnpon e even on 4 kilometer

e 11-"'hinys Iunvu 50 'slgn!fh mtle thar e prubabl\ have & monizorlthc . '%

1ong-5hor-- ~hanges wich 15 cluse syp m;; 49 we use m.:h of ffslore cl)aﬂges

1 do think the quc«.txon of 1n§L~orr'~off»Imro exchange ’ ls a crucial fluid t

dvnu hq questxon in the coastal zone., I also think 1t is the most crucial
from U practici .'nwpn’mt. This is ’fax‘tun.ntc; It should pot‘iyate both, the,
Hscu:?ftistq and the policy yeoph} to attack the péoblem. Tt will not be  *
lne/;pens?ve; we will nead dense arrivs in the coastal zome. Isolines of
concentratlon of instruments should prébably be circles centered at a point
on shore. We would glve some attention to the whole lake, but v.:’ou.ld

concentrate at 4 point alopg the shore and decrease our gttention outward
‘ . -~

from that point. , N
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Tere 4t Ut R g s’ luns regarding the isporlance of imstabilities
Srestal vore tr oy, Do fe o pt, Sust be important £o the eachange

we It 1« bard 2. pel,ewe that 4 fespe sture gradient on the order of

23 oor 70 7 us act rmportiant dvasmicallv.e  Then the question 1s whether this

‘ L
. f8 4 stimle or stable situstion, and waal 'is the time scale if it 1s unstable?”

- ot vz e s et it mmoresn e of aearsbore upwelling.,  Again,
4 D
. Tl s s st aema e s et gs d o Wt 1 owaink fnoull of this, as
s = Tt s vy we T 5 de st wWant to rednvent the wheel., Couastal ocean~
. .

SeTe et are guate b owa o p'edd 0@ 4h in male Yespects, and Jg have a .!ot to
TR S EURN s wwemrtent o uregon and fro~ people working 1n the Straits of
v e s s ould be r.«-:i ent in tiking these things over
» the UPea e~ ' ‘
. I ooaly bave one 4104l o ment. We seem o be talking about another IFYGL, |
v, O wgtever it cight be slled. I think there are th;ﬂ’ things‘ we can drgue,
ot First, «we  4n Jrgd- about the site, sevond, we can argue about what '
wie Wil do, and cuard, we can osrgue about \the'org.\mzauoml franework w?r.hin
.
Whin we o zoiny to do 1t. - think the litcer two of these three things
- will ke 3 a;m:.' deal ot time. I ‘;n not .onvinced that 1t would tahe much time
to pi koaovate, I wosjld #raue for picking a pite relanv:zly eariy in chis
})r.u. s bed ms.'a a0 ul oas h e current meters, for example, that we can put .
.xn that p’lT SR XY sElrz ge.nerlling tige sertes, If we were to pic‘k 2 site by
¢ ne.tosumdr, Wleould start getting’sume medsurements ind' hive some dd[c’l'. Then
we could sdr, when We 4o to’the big program, whether or not’ the, data
wliveted during the program were typlcil. We would hope that it woild be,
But ¢ ir  never sure withour 1 loﬁger' time .d fte set at a few points.

O
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v
our uhderstanding of ecology in large bodies of water like the Great Lakes.

1.5 SIMULATION OF AOUATIC ECOLOGY - €. Schelske N
Aquatic ecologv constituies such a compiex array of sclentific disciplines
that it =may be be:ter to take a slightly different tack than has beep taken by
gome of the previous gpeakers. I will not attempt to elaborate on a specific
group o{ research objectives now since rhese should be an outgrowth of the
workshop séssions thatlwill follow. To confuse the situation further, worth-

vhile specific research objectives could be set since there are large gaps id

But my approach yill be to speak to research problems with respect to the
Great Lakes generally and not to specific.research objectives.

Differences among the five Great Lakes are sufficiemtly great in 2 number
of respects that gach lake. must be considéred separately. Specific research
problens can be cénsidered for ‘sach lake, but our major thrust should be on .
what questions are,appropriate :o ask and what problems gan be s:udied. As ve~ N
all know, formulating experiments and asking Que§tions with testable hypotheses
are the diffjcult parts of this task. Before we can ask questions, design
experinents, and nmake measurements, we must identify the problems with the -
greatest importance. I have attempted to classify the problems into two main
types: experimental and descriptive. 3
’ An experinentai stud} is one in which observations are made under at least
two conditions so that one condition can be compared to another. of course,
in the strictest definition of experimental work, this’ is called a ﬁontrolled
experimenc. 1 think it is quite obvious from what has been said earlier tod;y

" that making certain observations or measuremerts can be congidered in the .

experimentgl sense, particularly if we formulated a ‘testable hypothesis to go
along with “shat set of measurements. A descriptive study differs from an

experlmental one in that these measurements are used to deternine’ environmental

~'ondicions in space akd time. Both approaches are important. Some of us

talk about surveillance and monitoring, and these might be used interchangeably

with descriptive studies. I suspect that these experiments are either so,

complex or so obvious that :hey are notdworth discussing in this group. 1 —

uould like to mention, however,”that experimental approaches, controlled

experinents, have been used jn Great Lakes research. There are tuo examples.

One is the work that has been conducted during the post few ‘years at the ,

University of Michigan, in the Great Lakes Research Division, on the effects of s
nutrients on phytoplankton production and species composition. "These experi-
ments have been conducted in the laboratory with small beakers and in situ with
large plastic bags to simu]ate nutrient enrichment in nature. More recently,
Canada Centre for Inland Waters (CCIW) has been working with “}imno-corrals,"

a slightly different type of experimental system. Our bags were sugpended in
the water, but the sides of ‘the limno-corral extend from the surface of the

water down to the bottom. Different types of experiments and hypothesis can

be tested with the two types of systems. - \ L,

47 ’

,

Je P




.

'The descrléttue study is impdrtant, if for no other reason, for'purposes
of assessing water quality. Hen}ioning descriptive studies, however, produces
. unfavorable reagtions from certain members of the scientific community. The
most critical reactions are to the effect that such studies are undertaken
because more important scientific questions cannot be formulated. To lesstn
the impact of such criticism, we need to justifv these measurements. They can
be justified from a sclentific point and also from the point of management. In
other words, they are needed so that we can assess what has happened in the
envlronment or so that we can compare present conditions with past conditions
apd present conditions with future conditions.
., We can justify the rationale for descriptive measurements by tategorizing
then into three groups of variables: causal, integrative, and descriptive.
I would like to restrict this part of the discussion, illustrating these var-
ia#les from the'standpoint of eutrobhication as it ties in nicely with the
water quality work which is a part’of this meeting. I have thought quite & bit -
abuut this type of rationale, and in addition, it has been coﬁsiderqe through
an Inte#ational Joint Commission committee, the Research Advisory Board
standing wommittee, on eutrophication, which is chaired by Richard Vollenweider.
* ' Tuo of the members of the, committee are here--Fred Lee and Al Beeton. -
I Causal variables, the first category, are those that stress or force %he
system when their inputs+are increased and produce what is usually referred
to as undesirable effects on the s;stem.‘ Phosphorus is undoﬁbtedly the most
important varlable in this category if we are cOnsidering eutrophication.
Phospliotus is the pringipal causal varigble in eutrophication processes as
its supplies limit the growth of phytoplanktén. As a consequence, increases
in the inputs stimulate algal growth, producing accelerated eutrophication 3 s
and some associatéﬁ changes in the system which nmay be categorized under
integratdng\variablesi We need to know more about other Causal fac:?rs or
variahles in ghe system and their pffﬁcts on eutrophication even though their
importance may seeh secondary. Heat, trace elements, organic haterials of
various types and with various functions, and even conservative elements may *
’play this secondary role. There is little evidence from existing york to
- evaluate the ;elatlve importance of each of thegp. :
Integrat{ng variables simfly are those whinh change in a predictable

manner as a result of increased inputs of a causal variable, I wou}d like

to mention only two integrating variables, silica depletion and oxygen
depletion o show how they can be used in extremely different parts of the .
/j> Great Lnkes. One of the reasons [ am hefe today is due to an intesrating
vqriable, and as most of you know, that integrating variable is silica
depletfon in Lake Michigan. Increased phosphorus inputs to Lake Michigan
have stimulated the growth and increased the standing crop of diatoms, which,.
in Surn, have depleted silica supplies in the lake. In this cage then, the

decrease»{n silica concentration is a very gaod measure of eutrophication
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o be,husu it r:tle”ls the jnpurs of plo%phorus; the causal facter inigyé
eutropaication process. Tt raghit add that, even though som? of this sork could
haVe been ::::;PlLbheu through descripiive studies, a large par: of the ‘under-
s.andtngﬂos this part.cular process has to3ze titbugh expanirerts conducted”
in 1argg\plas:yc bdg;.‘ e \ J ] .

1t '.5 prvrhaps .mpoitant to nire  for :b- p\rpo,cs of the tw eting, that

Jhe suc.¢ss we at the Lnfversicy of *iibigan had with ghis partiqylar researcb

program and otuer resated proprans was due .o several ‘factozs. TheSe factord

in-luded an organization dedicaled .0 vreat Lakes rcseatéi:%guip facilities .

¢o get 1 the lakes,' .und a staff of scientists and technicians with knowledge

and _apeklaitles hat (oald be‘applied to »pecific ftoblems. We were able to .

carrey out these studies bkfduﬁc onfessor David Lhandle; and cther, beoplc at

te bniversxlv. cf “Michigan deuicated 4 coasiderable amount of effort to ;

providiag” fhe1liifes and o certrcal nxx of people. Gene otoermgr wau availablc.
He nnow now ¢iatems bihaved ia che env;runment ard, more imrorzancly, could
‘ rc“ognAzc 3 d.atom whea h2 saw it. Scmetimes ecologists have a little difli-
culty reco nizing specific organisms, and we tend to viey them as black boxes
“The roport nt point, ate thaL we had a cechnical staff that may or may not be
. aﬁﬁltahfv' t »0me orbdniZutxons and that a lor of expertise is nzeded to con~
< . fuct rescarca. I: mav cr may not be necessari to have a large organiza-
tion to do this rcééarckf/but it is essential to get a critfcal mass of
- psop.e toxetler. In recent years, Pa“Lthldflj in oreanugraphic work, lqrge ¢
wrxﬂ?dms have teen conducted auLcebs!ully either by cooperation agong lustitu-
txon or wndividia.s, s> I ar, not adVOCntlng building up ‘arge recearch
urgdnlzatlous There is, howéver,,a definite need for large research
vrganxzdxxuns or resear h greups, anld these 4111 espe:ially be neeled if we
are to Jltd(k the tvpes ¢f proslems beling qucuésed ‘here taday. ‘
in acdition to silica deple.ion, '?ngen de pletlon is an integrating
o éaridb)u. The best cxdrplv of this 15 hypolimaetic ovypen depletion fn the
engra,jnxxxn o. dake .rie. The importance of this integrating vurlablo Laq .
teen 4Q"gmented by stigatists 4t CLIW and through a jcinr Eavironmental i

. .ruzc-tfun Agendy (Eﬁn)-CCIk study known as Project HYPO. The cdusal variable

it his case was also in¢zeased inputs of phosphorus as OXygea depletion is .

dae o the secondarv effo‘ts of the growth of phytoplanston or to the daccm-

) ;osttion of ov gany ma. '”rr Silica depl. ‘ticn occurs A the photic zone in the

upper laycr, of .hLe 1akc. Owjgen depletioa occuxs i ‘the hypolimnxon, the
sbotton n( the lake, as arganlc nattes decompoqes. Measurement of silica
8eTVOs 1o purpose as aun intcgratlhg variable in .ake uric gince, among other
rcasens, many of the phytoplanktin ot Lake Friscare not diatoms. Likewise,
oxyg'n depletion has 11LLle use as an lntcgra:xnb variable ‘in .ake Super for
where vvr/ ‘l{'lc axysen 1‘ COAJuncd due to tnc Ty produu(ivity, but silica
J(pﬂetlon wwuld ye very appropriate btuausc most of the phytoplank.on are

dintomq.f Irtegrat ing varfables, therefort, will v1Ay from lake to lake.
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The fin31 category is degeriptive variatles. Thes would include those
that can be justificd for such ecological Treasons as describing seasonal
changes, cowpari-y lales, and determining long-terw. changes in the>system.
Variables urder this category uould include measurements of chlor.phyll,
phusphorus, n'rrogen, 1wl carbun and sbaniance of organisms, inciuding
phsroplankton, bacterla, ¢Japlank:un: benthos, and fish. A number of studies
could be eited to justify the Importung: of ﬂLud{fi on the taxonomy and ecolosy
of organisms in the Grezt Lakes, Trowably <he best xnown frou the standpoint
¢f management wpulcé be fishery stxdies. . 3
In addition to dec.rniaing what varla® 123 to v lude under the descriptive
tvategor,, unotn:r major probizm is dewerniiring ‘he frequency anl extent of saﬁpl-
ing necded for these partj.ular veriable ..  How many samples, at Ebw nany
st1tlor s, at how, wary depths, and 2t »hat time interval are Impovtant questions
in our current research and data gathering‘efforts. It is obvious;that the
freqdency of sampling will vary with the'vari;hle. Bacteria, phytoplankton,
and zooplankton with relatively short generation times must be sinpled °
Erequently—-wtukiy, daily, or even hourly--tu describe their dynamic properties.
At the other extred are conservative parameterg, or variables like chloride,
which have changed on a lake-wide basis in the past 60 to 100 years. But these
changes may be too snall to be measured on a yearly basls, so a few measurements
per year may be sufficient for chloride. The sampling scheme then, cannot-be
uniform for all descriptive variables and has Lo be varied according to the
objective of the particular study. :
", No ecologist could make a presentation like this, without stressing the s,
importance of studying interrelationships In the aquatic ecosystem. ” .
Even though the effects of eutrophieation are most obvious in the primary
producers and 4dn certain cthemical parameters, at least as b presented them
here, studies of eutrophication Jggno: be resg{icted to the effects of nutrient
additlons on phytoplankton. Studles are needed to determine the changes {n
the system resulting from the initial perturbati; at the phytoplankton~
chemical level and their resultant effects on then\bgd thain. Since.all
processes in the system are interdependent, one needq Qe know which ffrocesses
affect eutrophication. N s .
P 1 ;ill conclude by reflecting on what I°:thi¥MR we have learned from IFYGL.
Some of this h;s already been covered by other people. First of all, there
" 45 an obvious need for adyanced planning and-lend time. Funding for contracts
and grants should start at leadt 8 months to 1 year prior to the ipitiation
"~ of tie fleld.year research effort so that people would have'adequate'time to T+ ¢
perfect«and' test models. Given this anoupt ©f lead time, itiwould be easier

to,adjust schedules for 1ogistic support if there were unforeseem delays in

the scientific program. . N s .
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'Wichigan than in Lake Ontario because nost of the tributary inputs are quite

- Thete i§'a3~9bvi)u1 ncee to,a.senble a critical pass of investigators
with appropriate’expertise. For large prograzs, this means identification of
individuals ‘or 8roups with such expertise and the need for coordination of

efforts. Such expertise must be available when we need it. Particularly in

the.university community, we cannot sSupport large research staffs on university
budgets, so advanced’ planning or continuing support 15 needed if large-scale
university participation is desired. T ’

We need to recognize chqt the Great Lakes differ from one another. This
1s probably obvious, but 1t is important because it may be 'feasible to underr
take some research problems oR gome lakes and not on other lakes. As an

exanple, it nav be more appropriate to study the materials balance in Lake

small kompared o the input and the output from the Niagara and St., Lawrence
Rivers. Certainly the success or failure of a project undertaken on Lake
Ontario ay not be the same 1f undertaken on anocher lake. ’

Finally, a need exists to refine 2and improve the advisory process. In
IFYGL a loY of the ‘work -was done through this mechanism, and those advisory
groups did a cormendable job. On the other hand, I think we Shquld always
look for improvements and for other mechanisms' My suggestion will be slightly
COntroversial. We need to. consider new approaches to managing research, S0, I
would like to propose an alternate or additional system from the advisory . -
standpoint. The reasons for proposing such a system include ugniaizing the
chances of undertaking trivial problems and maximiztng the benefits obtained
from funding. ile all realize that limits on funding will aluays be a limiting
factor. Traditionally, science has progressed through the work of individuals.
A dichotomy developed in this approach about World War II, when people began
ro.talk about big science and little science., Ecologists have thought about
big science, but probably have not made as much progress as desirable ih this

particular area. The usual approach to big science- has been to take a lot of

little science and put it together. By'doing that we may not consider very
important questions. An alternative to this approach might be to utilize .
individual‘researchers in a slightly differgnt way. Traditionally, a scientist
has always been someone who coduld gather and synthesize his own data. That
becomes-very expensive, especially on large lake problems. An alternative -*

would be to put individuals to work on different tasks. These tasks would have
individuals uorking on planning experiments and evaluating data. It would still .

allow thed to participate in the overall scientific program. This would result

in nuch better designed experiments than we have now. People would be thinking

about questions to answer, rather than the dasa théy can collect. In the long

run, with proper incentives, the individual probably would get more satigfaction

out of thig particular approach than by working alone on a complex problem with
inadequate redources. This approach would not elimidate the individual researcher -
as there are many worthwhile problems that can be pursued by indtviduals. Thesé
édvisory groups would have to determine which problems could be undertaken by .
individuals and which would have to be undertaken by larger groups. i

'
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1.5.1 Response - A. M. Beeton
Much of the work in ecology on the Great Lakes is still’in the descriptive

- phase. We, really need a lot more imagination than Ve haGe'haélin,tha.pESt,

. especially if we, as blologists, are going to take édvantaﬁe of the kind of

work being done by the physical limnologists and the people involved with w

nodeling. So, for exanmple, if we had an understanding of what is going on

under l‘n2 of the open lake in terms of blological interactions, we would

then be in a much better position to interpret much of the data that have

0}

been colledted in a number of large, lake-wide surveygz Lake-wide surveys

have a very long history. Several were conducted on Lake Erie in the 1920's
and early 1930's and on Lake Michigan in the 1930's. Various surveys have been

conducted within the past 20 years, and as a consequence, there are reams of .

data waicing to be interpreted, but we cannot interpret these data because we

dd not understand some of the basic mechanisms and interaczions.
Looking at some things that We could perhaps paint with a broad brush, I

am intrigued by the diffexences in the inshore and offshore conditicns in

N biology and «chemistry. I think this is an area in which we can provide a lot

Jof data that will fit in very well with some of the things Gabe Csanady was
mentioning this mérning. To get a handle on water quality in the ‘inshore area,

we must understand something about the exchange rates between the large mass

of relatively high-quality water that sits in the’ middle Of most of these lakes

and the water in* the inshore areas. It appears that the quality of thetwater

in the ihshore area is determined by.point source discharges as well as diffuse

. sources and by sediment water interactioms, biological activity, and mixing of

- . inshore and offshore waters. We do not know how much phosphorus might be tied

up in the clay minerals that are redistributed by every storm that comes along

or how much phosphorus‘may be removed'by the organisms and just how much of

this is dispersed into the gake by exchange processes between inshore and

offshore waters. Each of these factors needs to be considered, but 1f we did

. have reasonaﬁle estima:es of exchange rates, then we might be in a position go

- start getting a handle on the role of biota in ‘removing the nutrients. For

+ example, 1f you look at some of the conservative properties, such as chloride

and sodium, and compare their diétribution with some of the nutrients, you

find that, while there are relatively high levels_of some of the conservaiive

properties conning into the nearshore water, they are dispersed rather rapidly

and concentrations do not differ greatly within one lake. When you look at 3

the major nutrients, concentrations in the nearshore water are often 10 times .

what you find in the offshore waters; we cannot -explain the lower levels of _

b some of these out in the open lake and higher levels inshore Just due to

dilution alone. The loading rate, the biota, and some other mechanisms*are

involved in removing the nutrients as well as recycling those inshore and

therefore keeping much highér concentrations inshore. We do not understand .

. what these mechanisms are. I think th%s is very impdretant if we are going

PR} . * '

. .
4 s




s "

to be able to contribute in a meaningful way as blologists to aq understanding

of the Lakes. This certainly fits in with our concept of eutrophication. We

have more than adequate evidence-of changes in the Great Lakes.‘ This has been

documented extensively. We knpw thgt eutrophication has progressed from the.
N - shore :lakeward; this {s logical because point sources are along the shore.

Certainly we have plenty of « idence that eutrophication prggressed from west

to east o1¢ from shore lakeward in Lake‘Erle, and this is what is happening i
fake Michigan. Our conceptucl model has be;n that ihshore-offshore dlfferenges
are proncui . ed, and we have sometimes talked of Lake Michigan as if 1t were
like a duug&nut where ‘qu have the Znshore waters with somewhat degrad;d water
quality and a big’nass of higher quality water out in the central lake. Thag
1s all right for +a conceptual model, but actually what we probably havé are

L point gour&e fmnputs from a nunber of.metropolitan areas where the water is
probably degraded. We really need to understand the loading rates in these
«areas and the vite at which these inputs can be dispersed- This is very
fmportant fruvir the bilological and water quality standpoint and fits fn with

the physical livnologv hind of thing that we need to tie together. R «
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© 1.6 SIMULATION OF WATER QUALITY--Carl Chén -

. , .. ‘
Just“a week ago, our group cOmpleted a survey of water quality modeling ’ . ) |
as it apn/nes to the Great Lakes. 'I’he work was done for the Corps of Engineers. |
Qur goal was to define the various methodologi:’e; cgﬁt have peen developed to ' ) ‘
evaluate the effectiventss of various waste wiater managenem problems. In |
this stu(ly we %'eviewed severiﬁ 'methods of dLremining watcr movement and
transport, including d‘irec;pegsur;ment, 4éake .”odel 3, steadv-state wmodels,
and time- deﬂgndent nodels, J‘We then evaluated the state of ~the-art of water
quality mg’cyzls. Some ofa then are designed for lan%—t;m prqjegtxoqlof various
quality pqmmeters, lxke sdlmity_ and phosphorus,«:nd sore of them fot waste
heat. Ne also evalv&ated a whole slew of water qualitv slmulation models that A
have been developed and ma; be applied with scime minor adjustments to the Great
Lakes groblems. ¥ © s

Based on ;his }eyiew, we conclﬁdcd that water qua1~itv .odgzls hn‘;;e been
advanred'great‘yc N ¢ i{s no need for people ta re1ment the wheel sinc
with md:.fh?t,-uqn ﬁme sort, one c.an ‘apply it specifically to various lakes.‘
As had alsq &)gen\poi ed out by otthers each lake 1s different., The approach
to be taked f‘or esﬁﬁ ke might bg a little bit different, but the underlying
cumM&ual im'ﬁewo&x is strong enwgh%to make it transferible. s

When we talk about water quality hodels, we Agnnot talk about wate‘r quality
alone because thp water qual}ty is influen.ed bv £ologv. Riglit gow, the water-
quality 'nodelingn-te hnodog.y hals_,been ndmm ed fros t}he tmdxtlonnl blochemical
ozygen de"l;’lndrd}os«»kved ougen rulanon tvpu of a dl)sls to anlude more and more
biological paraeters. This 1s-inport.mc. -

Equally impdrtant, we “catinot tall ahout wate quality models without
hydrodynanic transport nodels The water QUalxtv models 1lwavs require a
transport model to drwn\ theéeh A transport nnd(l i~ the ’pjl.xc me.hanism to »
move the materials and dxsn’{h:{ie shcrx in space wliere thev mflue!k_e the biotn
anl the biota in turn 1nfluen<ei"he Yater quality. ™ Lo

I would like to t@l« about jﬁ-—:e of the basic concepts in water quality
modeling and the approfches being uaken to ddtu and will present some quest,ions
which nust-be answered to improve ch$ mod¥ls. 1 would lit¢ to throw out some
ideas on how we might quclla Great Lake, what kind of lram-port mechanism we
night need, and, what kind of kybc,logical information we would like to have.

The purpose is to simulate discussion and receive {nput frow the audid’n\:e.

Figure 9 represencq a slmplified conception of the interartions which {
bear on the water quality o'f an ecosystem. The ’f’\pure ?ho»'s many “simultaneous
interactlons between biotic and abiotic entities of an ecosystem. Nutrants
simulate the growth of phytoplankton, pPhytoplankton cdnsume nutrients, and
so on. Basically there are two major types of interactdons or processés. ,
The upper half of figure 10 lists the physical processes taking place to
influence tk:e distribution of p()lql.utants. l"thI.raI processes L}\Llud'e advection,
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diffusion, sedimentatibn, input (canely waste input or atoospheric imput)y and
Butput. The other types of processes are Jhemically or biochemically mediated
transformatioyg, uptake and release pf nutrienCs. bacterial degradation, etc.
While the approach may be similar, nodels can differ in the agount of
the GIosphere incorporated into a model tu describe adequat, a wdater quality
problen. There have beenfuodels taken up to the zoopkgnkto:ij)vel in the biots
that exclude the computation og_ofygen.. A problem occurs here, houever, be-
cause, 1f you do no%<1now oxygen, you do not know if bacteria are guing to be
4eroblc or anaerobiy. The problem is hoy to increase the pafaneters such that
we can cgrrectly do the biology and the water quality sinultageously. We like

to have a comprehensive but tractable model.

How do we learn enough about processes to do basic modeling? The first
_thing 1s to go to the laboratory and learn something about what 1s going on.
If we want to study algae, we put algae, in a beaker. If we want to study
a chbnical iqternction, we measure what' comes in and what goes out. Through
thaty we develop,owo basic princtpleg. The first principle is the conservatgpn
W;f massilav; }.e.ﬂtmass has to'be conserved. It might transform from one form'
to another, but mass has tg be conserved The second principle is the kinetic

prxnuxplc, 1. g , when transformacxons oLeur, they do so at a certain rate?

. We LiPe to know how fast dlgde is groy&ng How many nutrients are consuzed

/
from vater to conserve ‘mass? . i

-

To apply stch principleé to prototype simulatLon, the water body has to
be divided into small hydraulﬁc elerlents such that each one of these hydraulic

‘ elements <can be approximated by the laboratory condition (fig. 11). The_nafural

B A FuiiText provided by ERIC
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aquat1, ecosys:eﬂ can thus be vfewed as a4 series of interconnected hydraulic
elements. Water and nass can be transferred, from one elenePt to another.
* Based on, kine%ic Jnd mass conservation principles, it(is a classical
sltuation to write 4 so-calldd.mass balance equation. The équation says how
fast mass in the elenent®is changfng due to physiﬁa} and chemicalnprocesses.
The fqllbwing'uqudtibns can®be solved using digital computers: ’

‘ 1 Genera} Mass Balamce Equation for Abfotic Substances

chl ) noodc) C . -
— -z - - K, .V
it Q) + f‘EiAid + Qin. {n Qout 1 slvc1 + KA (c1 ¢ ) 4,1 G
i=1 5 h_,l_.\,____a —— NG WY’ ;______,__._..4 ——
ADVL(TION DIFEUSEON 1::?0? OUTPUT SETTLING REAERATION DECAY
’ . \'I -~ . r

* « ,
Kd 2vc2 + W3VC3F3 Rphd gavc3r~'3 1 .

%} S ogp——t _—Nn‘——’
TRAHSFORMATIOH« CPTAKEJ RESPIRATION N
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B. an 1dealized ‘fiydraulic element

ool )y T

cC = Conccn:ta:!,on of sone rconstituent

Q = Flou :hrouvh a fac; (Qiy ij, out (Q ),,or n (Qin
A = Cto-s sectiohal arga of face i (A ) or_j (Aj)

As ‘= Surface area 3 .
DS = Total dissolved solids s
_BOD = Mologic:;l oxy/gcn denand

DO = Dissolved oxygen ! . , P

Figure 11. An idealized hydraulic element versue & laboratory-
atirred tank reactor.
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? too simple to be real. .
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. »
The !ollowing {fgures show different approaches to segnen:iég different .

Figure 12 is the way that has traditionally been uged ”

Kinds of water bodies.
11 reservoir.. The

to segment a river. Figure 13 1is a way to represent 3 sma
soall reservoir is usu@lly upstreat of a river. It does not receive much waste
input. All the water quality influence is in th
The reservoir £s therefore cut into” N

s can be cut into reacheg

e vertical direction due to

therual gtratification and overturn.
horizontal slices. ’ Scme river-run type of reser!oir
and then into horizontal segments (fig. 14): .

How does ome go about segmenting the Great Lakes?
conceived by Canalez. He recognizes ‘that a lake has to be divided intq a
1ictoral zone and ;:central zone is shown in figures 1% and 16. This might
Based on the concept, We can .
1 use Lake Erie as an example:

©

One approach was

be too coarse, but the concept is go g

gnvision-uhat to do with another lake. T wil

We énvision that 2 segmentation shown in figurc 17 wight be appropriate. Thus,

a nore’ detailed spatial resolution is pessible at the nearshore zone where

the lakes receive waste water input. By that, we can see the pollution effect.
When it comes to the cent¥al "lake, the, horizontal spatial variation.is not \

as big. We can use 2 bigger hydraulie elément. The advantage of (this type of

.segnentation {s that it can fit 'fnto the currently available conputer cor'e

space and also that tHe Computer tice is not excéssive. N . .
’{There are also différent philosophics in the development of water quality '

technology has been adyanced by Starting from a

n and progressing to greater detail. When one

nodels. Some of the modeling
simple one-reactor representatio
resentation is not enough he begins €o cut the"

discovers a single reactor rep
and so on.

reservolr intq two. layers, and .when two layers aré not enough, wore,
Another way is to go through the litetlture to

That is one w3y to dd’ 1t.
The podel is initially concelved

determihe the current status of nodeling.
After a comprehensive model {s developed, one

as comprehensively as possible.
I will not say which,

begins_to simplify the nodel-go see how far he can 80.

way is bq;ter, bu? these are twe approaches. One starts from comprehensive to

simple. The other-startg simple, thén discovers t
Eventually both approaches may merge at

hat it cannet do the job, and

evolves into something éomplicated.
Weanwhile, those taking the couprehensive route may be accused
The other group, on the
They builfl sodels

the middle.
of being too ambitious or just pladn unrealistic.
d reputation for the modeling field.

other hand, may nakd a

N
-

T -~

2 Professor Raymond Canale, Sea Grant Progran, University of Michigan.
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*« Let me sav one thing about what 4%¢ should do in the Great Lakes. Ipe”cre_a}_ -
Lakes model must perform cumputations for a series of hydraulic elements cfm—é
. c;n b¢ arranged horizontally as well as ver.:imlly. ‘The hydraulic element may

be a &mall cell along the shore. It could be a big one in the pelagic zone. ! |

- N Any element can accept upwelling a'nd downwe.lling. It can have horizontal ~
advection whifh can go both ways. Mass halance computatioss can be performed ;
for all the important water qualitv parameters. Transport can either be ) .-
generated by a hydrodvnumi. model or pres.ribed according to field data. Some

" of the hydrodynamic <onditions mav be very dignult to compute, but they are 4

. .
e . elsy td prescrile. The object of the model will probablv be the simulation of i
N .
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1.6.1 Response - R. V. Thomann ‘
I think Carl Chen did an excellent job reviewing the nature of water .
quality models and their interaction with biology. I wiil make three points.
First, what did we learn from IFYCL concerning water quality modeling
and thé interaction between water-quality modeling and blological nodeling?
I think we learned that models that have no circulation in then at all, where
Iake-wxde averages are taken on a horizontal plane and the model 1is only
considered in the Vurtxtal‘dlnension, hold a lot of promise, at least, for
-~ making long-term planning decxsions on the Great Lakes. I think the dynamics
yf nutrient and phytoplankton behavior for such lake-wide situations are well
*advanced. We are understanding more and more about the behavior of 'some
of those lake-wide dynamics. The reason 1 say this is that the basic analytical
structure which Carl Chen just reviewed has now been applied to problen
c . situations that span two or more orders of magnitudé in total phytoplankton
‘ biomass. The analytical structure that Carl Chen reviewed, has already been
applied, we believe reasonablv and successfully, to several different types of
water bodies. Sone examples are eutrophic estuaries with maximum concentration
of 200-pg>ch]orophy11 per lxter for phytoplankfonuh;omass, delta regions in
California with a maxinum of 50 tu 100 .Lg; Chdsapeake Bay with concentrations on
_the order of 10 to 30 ug/l; and Lake: Ontario with 5 to 10 yg/1} We have now
spanned almost two orders of magnitude, and applications are nderway to modél
Lake Huron which would be 1 to 3 g/l By the time we finish{with these half
a dozen applications of the analytxcal structure, we will cover envirénments
with alnost three orders pof magnitude difference. The analyticaf_égiucture ) ,
.~ has’ redllv held up which I think says something for the abrlity to u 1{lize the
lake-wide average for planning purposes. That is point number one.
The second point I want to make concerns this whole not*in of the
. lmportanrc of virculation to phjtoplankton dynamiu .. Ifi addition to the* lake- )
wide nodel,. onc of the other outcones of IFYGL {3 a first preliﬂinary three~
dinengional ph;topianxton blqnass nodel of Lake Ontario. That work is Just
started, but 1 wanted to show you'cne preliminarv result to illustrate a point.
The three-dimensional model 1s a rough grid f{ve~laver model and looks some-=
) thxng like what Carl €hen was talking about (fig. 18). [It.is an attempt to
desxribc at‘lcast some nearshore phenomeha. Shore segments extend about 10 km
out and are about 40 km long. We use the kinetics given by a lake-wide rodel

« which was verified by about 4 years of data. s,
The quostion of circulation came up and we hassled this bacf‘anq forth.

) A
How do we handle all these complex interactions ‘e heard apout all morning?
We took a sutmer and winter Circulation pattern and put in, some therms] bar

phenomenon when and wheré e think it happens. All of these phenomena are

. prescribed externally in additfon to the ".aste loadsr We then ran the model,
’ ¥lgure 19 sho"~ a rross "section Across the lake coriprised, of segrcnts 14, . .
o t . 16,-and 17. Scyvntcen ts Rorhescer Harbher. The area is 10 n by about 40 m,
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The

chlorophyl( per lter as a function

that precedes thf open lake segrenc

gradient of abo

15 1g/l, which is

figure shows phytoplankton in micrograms
of time of year., A spring Mbloom develops
(16) by about 3Q.days,\gnd there 1s a

a reflection of the fact that it is near-

: shore ent

figure 20.

rapmentf.

The figu:e is £pr Rochescer Harbor.

Now compare nodel output ‘to some observed data as shown in

The black dots are the mean

. values calculated by the model
June and the open circles are IFYGL
thc iake-wide mo@p

LOLﬂl circulagion, thermal bar effec

-

The conparlaon is remarkably good.

We are a liccle uncertain as to why

The di¥ference is in spatial detall as shown

The range is what the model calculated during

The run used the same kinetics as
in figure 18.

data.

:ts, and vert;cal_st{atificatlon were included.
There &s only one thing wrong with this.

wg did so well on the first shot. For

. example, Lhis progran was not completely finished for this run, so the run does

magnitude higher conlontrations for

of Bis Lake Michigan work.

nwt. in‘ludc any phytoplankton settling

than what Claire Schelske would norm
In. spite of al] of that and a simple circulation

The run also includes ansorder of
the phosphorus Michaelis constant (10 ug/l)

ally consider for phoephorus on the basis

pattenn, it 1s really quite surprising that the results are s0 encouraging.
.
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. Poxn:,numberuthr,:vg is that the 'long residence time of Yater in the La\bes .

prohibits any kiné of meaningful tes:;iug of these ﬁl;ids of ,phytoplaRkidn models. \

* " We cannot’ reduce a load and make a prediction and :hee sée how well the model <
does. !»'é aré kind ofodescrxbing what we have afready observed in 2 htﬁdcau!ng

. fashion. Also, there are a variety of processes that we have not even bggun to?

-

Luu?n, for example, the -:ulcxspecies nodel Lhac aany paople Tave talked Zbout ] «
and’ rhe p'oblem of nearshore rooted aquatic plmts. In spite of these ™o ’

difficulties, *the "success” to date leads us to think that ;here 15 considerable
pronise in :he utility of these models for aidmg the long- :erm decision-makipg
pro.ess conc‘erning effects of nutrient fe:xovul on the ph\:oplankton of the lake.
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~ 1.6.2 -Response - S. Ch.fpm ) ’ oot . . . %

I will supplcﬂenr atl fhen s? and 8ot Thomunn's presentutions by Ascuss- .
. mg a ;cale of analysis wirich 'hqs yeu to be uddresae todav. ¢ Although ‘it is

ao: a scientifld acale, buc r&[het an engineerfng or planning scale of analysis,

B

B it is potentially useful for addressipg some of the Great Lakes \.‘a:er' qualicy
. ”e

“problens. ? . N T . N
4 » . &

’As'oudinefi by previous speakers, the approsch has been to study phenomena
on i wnole I‘Ake‘xduring a vear, or to resolve smalier space ind tine scales .
within a lake. Tine s.ales of.a geek or, less have beefi mentroned. Space .
scales on the order of kilometers or less Have been addressed. : ’
Jshe approach I will discuss \-'o-uld faclude all the Lakes in one zroéel in a“
B Tanner si::ilnr t0 the wavy hydrologistb simulute lake levels. However, .!nstead
of lake levels. witer quali‘ﬁv problems @ight be iddressed in time scales of. .
years or decades. Thia appro:ch has been applied to water quality problems ‘ ~
previously and, stems %ron a chlc:ride aodel of the Great Lakes. publishea
. - by 0'Conner and ‘mellerz Their bagic idea was that secial and econoaic
pariheters, such as population,—coyld be uged to generate tige series of waste .
soureds to each of the Great Lakes. These .sources were then introduced into
a simple trdn‘ipor:‘ nodel which treated each of the Lakes as c’ontinuously
t' . stirred tank redactors (CSTR)}. "In thls way O'Connor and Mueller :Aade long-tem
projects of the clilgride levelswde to varlous waste nanagépent sx:a egles. . s
. As 8ot Thomann just stated,” rapy water quality rodels aké expensive to T, e
ru'n longer than "a f(ﬂw’ yoears. I Lhiqk 0 Connor and 3u;ller de'nonsn;ated Lhat,
at least for a certain class of problen, a "Creat Lakes‘/spacg-'swle‘\and &, »

.

., decade timecs‘.ale could be effectively used to predict these long-term effects.

.

- There hne been some Jother applications of this ayproa‘ch ,For instance, s

) 4 Cust xtsan mo'de)ﬂd Lriciun lnvels in the Lakes due to nuc li.‘f;r power‘ plants,
Lerman® has modeled stroatiun—% in this wav. . : ’ : .
¢ * in (xll casgs, simple Cransport 'nodcls with simples reactian kinetics were

M for'-u,sl.xted If other subjtances such as pasticlidess Lotal phosphorus, etc. .,
could be rc:sonabl\» Wod&led in t-fus Wav, we would ga’m 4 valtable tqoel- Lo ¥

answér questiony about the £ucure qualtty of :ha Great Lakes.

-

v

-
- ’ - - ~ an s g '
- i : : ?
3 0'Connor, b. J., and J z*m,ilcr (1‘)70). A water qx‘m].ih mudvl of chiorides
v in the Great Likes, .""urni™ 52 o ',.zm Engineepivg Lo slon, ASCE,"96, -
, Pp. 955-975. > Oy . ] .
. PR N . ’ 5 Lo . e\
‘Gustafson, P. F. (1970}, Future.levels of tritium in the reat Lakes‘ from
nuclgir puwer generation, paper'givent at the 13th Conference on Great Lakes
Reqearlh R - ot " . !
- - t . -
. 5 - oy - o, . .
. ¢~ Lerman, A (1972), Strontiun-90 fh the Great Lakes: Concentration- cim(.
model, Jurnal 2 w,;ms” 'z,/"ravfzrch 77, pp.w3256-3264.
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1.7 SI&XLATIO‘! OF ENVIRONMENTAL DYNAMICS 0" THE GREAT LAKES - ¢ H. Hortimer
¢ in the final agenda for this \-orkahup, the biolugical specion, 1nc1uding .
- ecqlogical mzielipg, is listed separately from enviromental s{nulation.”
1 did fiot realize this before preparing :ab*le 8. . Without defining "environ-~ »
W x:unt.xl dyninics' “too precisely, I intended.to talk about interactions between
' hydrodyna:;i‘c and ecolbgicil modelg, not because f ¢1n claim to be a modeling
expert, but Because the design of an optioum in:erac:ion strategy 1s the zost
ipportant task facing us 1if limnologicil modeling is ever to have a usefullv
I . p-cdu:ive impact on l+ke muntgement. Ignorance rarelv constitutes a bar to
public speaking, but the resules are often phtitudinous. \uverchaless, I nope
P * ay fivc pla:itudes (table 8) will Qrve to generate fruitful debate. ‘
: <. "7 The Kirbt platitude 1s an attempted one sentence definition; with alterna-
tive wordings, of‘ the purpose of like system modeling. The sec0nd is a
eri Jrch; “of three intetacting borces, 4 triarchv illus:ratmg the applia'&ion
. of the sviennf.L aethpd to acquisitioy of uhderstanding of lakegsystems. Box
©- . A (top le{t.) represents the wav in which limnologists have traditionally worked .
. #n the past, through d"'velq.‘:lent and testing of concep:ual hypo:heses. This
N ‘bos is a - ompendiun of xnowledge, or suppositions, or‘ binses, that constitute
o0 " wuhae every lirmologist kaows.” Box.B (top right)* ié a fairl) recent arrival ,
) c;in the scene, {.v., conputer nanipula:ion'of svstems of eqyavions which can
P bc determinl,st!c, stochasticy or a mikture of the two. K We cou’}d spend
o all day of this 2-day workshop defhving ':zan,i_ous t‘ypes' efi‘mdels‘ a{ld what

Y4 they do. | R . D s
¢ Tgxc";e is i1lso a thu‘d "rodel” or source of knowledge in box C, 1.e., the
5 - 2’rexl Iabe, providing a direct avenue tp knowledge through what Claire Schelsk'e
' ~ referred to as deseriptive studies. Clnssical 11mnolog§' has ‘beeh largely

bxqeé on 1 combina: 1on of deqc;iptive study results andoconcgbtu}l hypotheses’ .
4 dﬂnved &rom those results. Therefore classical llnnology is representcd
- ﬁv :’xé‘ hos palr A-C, while "box pair B-C represents ﬂxe recent em@zrgpoce of
‘. b what we might rall mthem:irgl ecd}ogical 'lirmology. There ate varipu;s

LI intu’u ting arrows betyqen the boxes. Thé dMgoing arrows dead to 1mprovemenr.
v ~ in expermentd desigp, u:mr from Loncepﬁuﬂ or nuverical modelins. The 5 "
" . up;p(’q,, irrow on the left feeds frop the data basc to the cotfceprual hypothesis.
. Vh :hL righ:-asc%np Arrow, the dapa base, provides verification for the L e
«3 . -n:hmhluxl nbdel, nost LSsen(i‘ll to zest” the nodel’s worth' and to “mprove it.
i ! Thiq leads me to the :hird platimdir\pus stntcmcnt. fhcu has,provided . s
- LD anpiralleled data bise 1n spite of what 1 said about instrum‘ts this

r*nrnhg, and tiis in turn 5Ives in unequ"ﬂed opporiunity fdr verificatloﬁ .

of a vn‘u‘v of models. The mxre*;f ﬂethod;of approgoh ‘1s a pgd’bstr{bn,.-bj.pedal

- rogross4ve iteration bctwebn rodeling, improvi,ng experimental design, \yri-

fyfrg the models, and so on. we fust walk before we rum, and we shnuld

. R L - -
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N 1 Introductors platitude: Like™vstem ~odels necded 10 ivsess _0sts of B .
~

L4 * -

*
o . dot !Aking = magerent actions. . R .

A ”»
t:l_.r;;: Teroe ceneral Lmturs ting - ‘41 Classes (or xppro.xches)
« - e y N J

1817 1e nd < 0w nere in boxest B
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- k]

4 oneeptud Ninotiea s AL Laztiops.  Lwmpurar Japspulataen of B
s e wwerh 1171 luglot 7 aend v gvatens of equatiolls (sub-
I e, ¢ ~oddlsy, determiristic
'

Pt
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kR o8 Fag . ;md.’u* stu hisly ~—~
. ~ X . . . . . ?
mprovenent o ! .
esporinent il design

Iimnolagy"

. .
tonl for and t.<perimentyl 1n:c:rrogat‘.on =odel
verifi itiontof of_nuature, hrough lin, ted=- . 1verifimcipn
hipotheses iperture windows, xuelding (essential)
oo the "dit: bise” ¢ T
- T ' N ' toay
5, baviroshiental :'-'vodlep, under IFYGL: The prize @urpose w33 ko use thé lacgs. .
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,
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L40

, duta D aar .—-alread" avarlable from CLlW and other sources and la-er to be
o provided bv IEYGL-Zto test and gerfeci'. numerp ally bndxctive s*‘he'nes, de- v
signw_;i in 8. In particular, the hitherto unsurpa¥sed phvsi‘.al data base was to
be _owwined <ith biolugfcal data zo prédice prodmtion and spccles ¢ompetition,
1n given bydfodva mi:‘ regines ind mt'r?_ngén"‘npu < of radiation and nutrleng"’.

.. 5'\_&’.3_}3_;_:}_(!41_5{_5‘&_15_1_2@2: It 15 too early ta m,\s.ess the degree of success 'q
} 1+ ndeved under 3, \put " 1gasicil Mnnology, (bag A founded on box C) ‘suggests "'
that, wn1le® hydrodyp4i  —odeling 1m approaching 4 use ful operatlonal stage
- 1ven ndcqulte mutme upwlclng‘fro"n C, vombinatiorr of phwlcal models with ., ’

the pr»;ww pkmitive biolozln‘ﬂ modéls to Forra operanonallv pn.dicnve

« - .aholt—:-«/%z" -}odcls s,lll Lnx.ognter severe \.O'zple,v.xnes and will therefore be,

~ dglajedf »wo'cr,m-plu of mtlclpated complexities are given (Wortinet, C. |1
(1974, umbry.bu(ion“ to North At&mti Treaty Organimtion SvmpVOsiup Vodeling
2f Marine s;»rmq-,' alcavivr JJ;L.,,. 2o LT g, one arising frota the . N
v episudi. -nature of 'wu*hani( al forctimg and fihe n.*nh*’xe.nr umr-n&tcnsths of

to. alx?cd shear- -f1ow instxblltties, .md one .'nnsing frn . ~witchds to new

et ot brulogical -pecics, which commonly o ur when a lake =ystem 1s . .
» .
highly perturbed and which rlw envirvamental mangger above all needs tospredict.

5. Lines of future progress In spite of (and be. 1use of) the anticipated b

«:.onplexuics. developments in box B onpinue to be pursded, Rapld progrez
N ;‘mmld not &t pronised,’ but the best hope pf. advance lles In 4 successive, e
g taumstep, pw;vuri.n BiL 1:erntion (rudeling/verifi ition) wl:th hard work in.
. . both bokes. Also A/E 1nter.nrt1r-ns van be more frultfully fostered, avoidlng
present signs of elitisn in both carps, with A calling B nalve and 8 call~
. ing A nuneri:a“v’ illiterate,” Ficld interrogation and window’ design (new
init rnmcnts, berter resolution in tirfe ind splct‘) in € also need strong and .
.ontlnued ‘;upxior!., b.llnm od agatnst support Tof A or &, for lf m«magtmmn

A . of naturd is rm ah ject Lve of mndélhg, niture is rhe best sourte of clues,

T + short r‘uw, and twsts,
»
‘ ! T4 :
. ) ) ' 4 ’ ’
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. Lnder the fourth platitude, l ‘will talk ab&ut anticipa,’ted difficuities in
both physi:al’ and ecosvsten mudei{n& I was s rprised to hear Claire Schelske T
say thaq "big sc‘ience had not included ecology» The Intefnational Biclogical b’(’

Program provides an example. It also provides exm‘pj_&s of’:ounter-productive,

*n

€ © elitist \onfrontdtions, treated in the final paragraph of the table (platitude
4 R

. 5). N ‘ . .
+ Some (lasslcal limnologists have called systems ~mulysts naive, and sysyems . B
@nalysts hdw, regarded ].ass‘ic.ai linnologlsts as numerically illiterate. ile
there muk sometimes be truth Ln both these a.iusations, it™is more Importapt to .
.. regqgnize 4nd ro stre‘ng:nen the incerar.(lons between' buxes & and B, as well as
the importins modeling-verification, i.e., B-C *interactions already mentioned.’
1 now giv; (in-pl,.it‘ir.ude 4) twg examples in which A~C or A-B interactions
—auld be p'xcdugtive ‘and indeed essential for progress. The fairst is'a physicaI
example, g. Lomeptuul A-type model of wind~driven motions in a small, stratified . e
. lake (fig. 21), in which wind drag.at the surface poves the surface warm layer
. tu the downwind end vf the basin. ,A return curnent foms Just above tgtgmc-
«lfne and, if the regultant shear in that layer exceeds a critical value :‘

asnoclated with"a Richardson number of 1/14, the flow beco:nes suddenly uns;able

a

. and iarge vnlrtites form. The return cprrent acts like a carpenter’s plane) K
erading ‘th.e subtheroucLine layer by entrainment and {nt‘ensifyx’r?g_ the thermo~.
> «rline gradient at the.downwind,end of the basin. The "shavings" of mixed water
gre .arricd toward the upwipd end b‘v‘ the return cureent, yielding the observed

fan-shaped distribution of isotherms. When the wind stops and its stress is

% removed, the preexisting and the newly formed _layers undergo redistribution. .
au. om;a anied by « series of oscillations (internzﬂ seiehes) to nmew equilibriom “ o
, Positzons.i e - v
! The iviportant point about this concéptual model--yet to be verified in : ° " ’
S . «ie:iil,‘but. obviously describing observ'éd _features-—1s that the final depth e ) .
and shdpe of the then:!odine depf_ndq not unly on what happened in the water ‘ S :‘:

olumn at that statiom, but Rore-importantly on evenks, e.g., flow instabilities,
8 eiS’ewhere in the basin. Buf presently available physical and mdthematicai, mg;}gié

i of thermocline formation and entrainment are one-dimensional and thérefore L .

4
of limited use in predicting dav-to-day devclo'pmcnts in a laKe. . -
T..e ovc.rriding Lmpurtance” oF the Rickmrdson number and the nonlinear ’
mture of the explosive change from smble to unstable flcw when that numbe:

falls below 1/4 Ls 1¥lustrated by an IFYGL example from Lake Ontario (fig. 22) .

.
N 6 Boyce, F. M. (1974), Some-aspects of Great Lakes physics of Importance to
biological and «hemical.processes, Journal of the Fisherier Posearwh Board L
| Canada 31, pp. 689730, . . ’
? L] “}
. . '
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{,}xrrent setels amd thermographs were placed af L0-, 15~, 30-, and ,:SO-m de;ths. *
" T the M.nd strﬁss {attermath ot Hurricane Agnes) was cooputed. With rising T
et :_ wind ‘:;E‘re?.s ac tho sux‘fage. the current velocity bégan to rise first as 10 m
,“ ) ) :‘ t oamtil e welocity chfterence between 10 and 15 n d?pths exceeded a critical ”
value, at '.ghkch l:l"\e the tehperatures at those; “depths were suddeniy ’
t. ol eqhaliz«.d. [z . }-Lgni!i\.ant that this equalization took place when the mean
.. * Richardson n::;‘:)ext between 1’O and 15 m had fallen to about l/’o,‘z_lt‘whlich_ point ) o
' 3 mixtng Securred gl pomentun was then transferred to Jeeper. layers. Subsequent-
M » lv the same sec,umm‘ was repeated between 15 and 30 m. lhis 1is a beautiful | .
o \ example, :h:- fitst bz ;ita kind, of thé downward transfer of monentum, clearly .
. .\ ’ sxw' ing, the relauowsmvp bdtwcen shear 1nstab1u,ty and mixing. K
. I‘ho se,wni ;Hrmumt‘xr’g exgnple is an extract from Lund’s many- y§ar study
- & R o‘f the 4priqg e rnase 1. dLav.o!". Coter 7 2) population in three neighbor-'
e ., ing lake b..rs&;w u.th. slmtlar nut.ru,nt input, but considefable differences in
~ 0 T r;dxm\}r:x doptn. (F';:hwall:e water, 1) m" soythern basin, Windermere, 33 m; north-
. ) tm"bjei‘ : under*cro. 65 mj:j In noxt years, a simple si1lica~ limited fn?del N ,
w’x up k rate pro;\urtxon:ri to basin.depth, fits the ubserva:ions very well,
A s s Itw .dnt popuhuor ,s,hows a ‘Xog,,phgse of growth that l:err:unal:t.s when the e ,
;" <, »:N,«d \umg‘n(r;xtion has fllh.n to aboul: 0.4 mglt SiO Growth starts earliest
< . 1\ tbz- \u;rl,{cwwt. ami :9(9«,( in t‘\y deepest basin because the average light,
ezpv\m;e"e)i‘ﬂ di.atmz cell, is prope—n,ional to the ra:io of the depth of light . '
pwcrration m me‘ dz,pth oj y_"qv wqr:et‘ column whlch is well nixed to the
H . -hottm iy alt three: bm‘i,ns at tﬁat t‘me. of vear. This is the simple depth-
¥ - Aa oa:m‘lud. nuu;wn(-ulmn.e model proposed by Lran in the 1920's to explain
L L,‘xc sequence of bp;ing“d;atomwoguldtlon pexlvs in the Yorwegian Sea and later
. u’geu by Riwy'fcﬂf v.52 ‘was:al wuex‘b . ’ :
v -7 . Zf“ o , There arel urrptiona'& yc-at-",, however,- in which the simple model fails, as¢ )
,' o . for eyanpnle xn,onr: case tfsthwaitc “ater during 1949), a~ a result of fupgal
’ pd:astt»lsm Uf 7 i’ z._and in the northern pasin of Lake Windermere during
- '.A 1948 prub1b4v heq puse, of l.u.r.. of an (v.:sontial but unknown micronutrient added
c ot e Lt the lake dupm§ yearq. of nordf or above-ngrmal rainfall, but lacking in ’
- ytpare of >pnr\5, drouf,hc. . When the spring flood eventually came to Lake -

e
‘ 6 “inde?mq.e 3.0 I%S m)mal d:.a.'tom grawch qu‘ resuned but with a 2-month deldy.

Y Thu !airum ot ithe - s‘mp}e rﬂpdel in LheSL two cases nust be attributed to bip-
v B . log/fcal puw!iavicivs whi«h are no; ﬂncamon, in one case due to parasltism

oo W’ j,hat’us Uifftcult “to predigt in a detetminisci‘c manner and in the other case
¢ K Mue ‘m‘. the'.n.sul: af poor.ly ur)dérsﬁoaod mechanisms of cell nutrition.

ia

‘ P ~.
YT ‘mm, [ D e (1950), Studies bn ,m*-p"mﬂlla omma Hass. 11 .
uhtignt d»pLetwn and. : e npring naxiﬂum, oaont! of Eeology 38,

? pp. 1 '35 e
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Tthe pqculiaritlgs tan also be inscructive for "wOul.d-bc 1ake sydtem ‘
qodélets. During A943, the jear of failure of the s;nple nodel 1,n Esthwaite )
nater_“’becauu cE 'pqraslcisn, othex dt&tcus cook over and, gxeu in place of
A the _pa:asit?ized Aaz»er oreliz. ) This 1r1ustra_:es an hnporl:o.xit propetty of A
. lake(sthems, well known to limno&ogisc; in box' & (tafl1& 8) but not .

sufib:iently appreciaccd by sysf.ems‘ anaiy:,ts in box B, namely, the fact 'that

gross perturbations of the system »otmoniy remove one set of accor orgaqisms
from the stag(». replaciag theth \iich,a difberent set. Unfor:unately. nodels

fo prz'dn,z che effects of aerturbat lcms are preo i.scly what ‘lake m:magei's _‘ .
) A

need mo»t, but 1t seems Ehat tpis is t:hc type of model uhldh-wLL). be ngsg
“ difnculc “to give hug, '.‘ - J ., L.
s

Resolution of this’ “diffleulty amdche interfacfng ofnthe vexy difie:ent
.

-tune and’ SPﬂLe stales of hyd:od.ynamttal ,md hwlogical mofql,s 5,hou1d be oqq
S ot the prime post- -1FYGL reqoamh\:argf.tb. .
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Response ~ G. F, Lee ' ’ . v ¢

ave chosen to use my alloted time on the topic atea of Sinulation of
Environndntal Dynamics of the Great Lakes :o focus on thoseg aspects of watet

- quality simulation which I feel should teceive attention ‘In-the inmediate v
future. &o attempt will be ?ade n this present?ETEn to_determine what agency

or agencies should focus on these problens; 1n§tead, the problem areas will be »

. -

////~ outlined aud briefly discussed. ,
Fron an ovetall point of view, it is Important to emphas&ze'that simulation

¢ or modeling has | deiinite place in research on and mdnagemenr of water quality
1in the Great Lakes. The Graat Lakes, like many other bodxes«of water, are

etperiencing water \quality problems due to excessive discharge of chemicals.
Chemical ptoblemb can, in general, be Lompattmentalﬁzed into three apptoaches

defining the SOUtCOb, fate, and significance of specific cbenical contaminant§

for a gilven gatt of og the whole of the Great Lakes. Each of these compartmenty

zan be formulated Intoirelatively simple models which describe the overall

transport and transformutions of the chemical contaminants. _Further, for each

of the major ChLmiLal SpetiCS, nodels can be developed that demonstrate hoy )

" these Gpecles Lntetact with various parts of the aquatic ecosystem and, there- :
fore, how 4 glven concentration of a contaminant could affect water quality.’

Models of this type serve ds fratmeworks to compile existing information, thereby

pointing to areas where ddditiondl work 1s needed. Therefore, such models '

shoutd be developed prior to initiation of any research on the Ptoblem- .
Further, these models are extremely helpful in défining pOSSible rnanage-=
"ment alternatives and benefits to be derived from certain t)’PGs of management

policies for chemical contaninants in the Great Lakes . The, work sponsored by

the EPA as part of the IFYGL studies on nutrient sourcesy. transport; and

-

cycting within Lake Ontati% 1s a prime example of how such modeling efforts
cin be used for water quahity managenent. The overall objective of these

studies was to determine wh:t benefits nmight be derived from the removal of

80 percent of the phospliorus from domestic waste waters entering Lake Ontario.
’ The sources of phosphorus have been fairly well defined, and studies have been

conducted that estimate the amounts of avajlable phosphorus entering the lake
from enﬁn source. . - .
P A major modeling effort by Thomann and DiToro of Manhattan College 1¢ on

tie relationships between a concentration of phosphorus in Lake Ontario water

and the biomass that would develop in the open watets of the lake. When fully -

developed, this model will ptovide a technical basis for estimating the decrease

in biomass of planktonic algae that might result from an 80- to 90-percent’

.
removal cof phosphorus from domestic waste-water sources. Discussed below are

* other ateﬁs of water quality modeling which I feel should receive attention in

’

the near future.
At present, several individuals are developing what might be called

conservative element models. These models enable researchers to utilize N

current rates of imput, future populations projections, and the mixing character

’ 4
. -
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ca"signlfl.ant barrler to =i<ing between nearshore and offshore waters. However, -
L)

-«

.

. R . . .

AY

of the lakc ln muk jng rcqsonably accurate predtctions of concentxations of
elements sueh as <hlorlde. Modelling efforts of this type are relatively simg}gtqv o
' because they deal with chemiral cowpounds whickia?e nunrea;tlve in the system /‘ .t
and, chErefore, fogus on dilution of the materials added to the lake. The ¢ :
ability tu preditt an open-— lake concentration of a particular chenicai species

is dlreczly dependent on“the reliability of input data, the lake nixing

o .

characcerlstics, and the hydrology of’ the ldke.
There &b need fur additiondl wogk im thi§ area in order to better under-
stand the néarshore miaing processes.,' For GdePIC, 1t is often said (wlthout

any technicnl basis) that at certain times of the year the thermalgbar represents

. \
when one eiamines the conservative el;ment composftion in these waters, bth

» - \
for periuds when the thermal bar 1s present and when it is not, one finds that
the concentrations in bgth water areas are approzimately the same. This

ind{cates that the overall rates of transport of chemicals and- water between

. .
the nearshore and offshore areas are independent of the presence of the thermal

bat . Q

The open- l\}e eutrophicdtion modeling effotts, being conducted as pd;t of
the EPA Chefilstry and” onlogy Panel activities for the IFYGL studies on Lake
MEpariv, are progressing well, In my oplnlon, the mode{s beihg devéloped by
tﬁe Wgnﬁdttﬁ? Lollege group appedr to be of sufficient technical validity to
warrant further najor efforts along these lines for the other Great Lakes. It
ahould be no:ed at this time that these eutrophitatlon models are for the open
w4ters of the lake and do not consider ngarshore Processeg. Also, these models
do not presently relate total phosphorus flux to the lake's response. They are
based vn 4 wyncentration of available phosphorus in the open lake water. 'In .
urdpr to determine Che relatlonshlp between amounts of phhsphorus entering the
like from byth its trlbutarles and direct wastewater inputs and the amounts of
phospliorus that will eVLntuaLly be«ome available in the lake, chemical modeling
should progeed simultdnenusly wigh eutrophication modeling.

0f a1l Great Lakes water qua&;ty Yodeling &fforts, probably the most needéd N
Euday is Jdevelopment of a nea;shsge eutrophication model. Such a model would
demunstrate the teldtionshlﬁ between nutrient input.from tributaries or direct
Wiste inputs and tﬂb growth ~of ;ttached algae such as Cladophora. Lssentially,

no significant progreq? has been made in this drea. Yet, this is one of the .

B

mnst significant waler quality problems in the Jower Great Lakes. At present,

lt 46 igpossible to predict with any degree of reliability what environmental
lmpdct rodutlng the phosphorus input to,the nearshore waters of a given region
will have on uLJJJthtPI- One of the problems that makes modeling of this type
CSPCCldlly dlfflcult is that a key aspecc governlng the growth of these algae Ls
the hydrodynamicpg oi the interface betwcen the organisms’ ‘hd1dfast (i.e., '
ysubstrate) and the overlying waters. Growth of Jladophora is hot only dsgendente

f . Ny

. 8 1 . . .
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- on &he concentratiuvns of nutrients in the water, but also on the rate of trans- *

P

port o? these nutrients to the algae.‘ From an overall point of view, I feel
that the next major IFYGL study effort on the Great Lakes should bring the
hydrodynamist, biologist, aqd chenist together to work on nearshore water=~
quality models emphasizing the Cladsphora problem.
Reasonable progress is being made today on oil spill modeling in order
to predict the rate of transport of oil and gasoline. Further, some efforts
I;A are 3‘ing made in modeling of dredged material disposal practices. Generally,
however, modeling efforts in this area are hindered by lack of information on
the short-term, high*concentration toxicity of chemical species to aguatic
organisms. The acute toxicity data that are available today are generally based
on a 96:l\our exlsosure period. For dredged material dfsposal, the excessive
concentrations rarely persist for 96 hours. Instead, after a few hours, higher
concentrations are rapidly diluted below the acute lethal level. Within a
relatively short time contaminant concentrations fall below chronic sublethal .
N levels as well. Fo{ exanple, it 1s known that dredged material disposaf in
. open waters results in a release of ammonia to the water column. In many .
‘ihstanc053 the concentrations of ammonia will be abgvé the 96-hour LCSO'
However, because of the intermittent nature of the dumping practice, the
relati‘ely high concentrations of anmonia are ustally dilutedswithih a few
hours to below acute ®oxicity levtlb and thhin a day or »u to baukground levels,

It i3 impossible at this time o establish criteria for such a situatlon
since we do'not.have shor%-term ammonia, toxicity data for various forms of ’
aquatic llfe.‘ pDJta are needed on the relationship between the acute letgal .. .
concentrations at various periods of time that match tu some extent the normal
rates of dispersion that occur from a point source. This same type of data .
is neqded for industrial and municipal outfalls into the lake. ‘ v,
There 1s a need for models that can simulate (apd thu5’iffer some potential
for predicting) tye epvirohmental dmpact of chronic sublethal effects ofchemical
contaminanés on Great, Lakes waters. The 1972 amendments to the.Federal Water :
Pollution Control Act require that by the mid-1980's, 1ndustr1es, and qJ?te
| possibly municipalities, demonstrate why they should not achleve a zero R
. polluting discharge from'their installaCioné. They will have to consider
. techniFaI f%d?}billt&, economics,“sochl desirability, and environmental impact.
The general problem that exists today ind will certainly prevail in the future
- /Pﬁ 16 not one of acute lethal toxicity. Instead, it is one of chronic toxicity,
impairment of the rate of ggzowth, rates df reproduction, or other vital S
_/ . functibns of nquatic orgnnisﬁs. Even so, there will not be a complete blockage
of reproduction but prohably some impairment, i{.e., a 10- gr 20-peréent reduction. .
It is highly likely that environmental quality litigation will raise -

quest lons about the significance of even a 10-percent reduction of reproductive
3 !

potential of a certdin form of fish'due to the presence of an apparently

. excessive amount of certain chemical. Largely as a result of the current
? . . '-'- .
.. 82 , -
» . . .
g O ’ ) i . . ‘
[ y . . .
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rela;lvely ppor und»crstanding uf euoayb;am functioning, at this. tice we haVe‘ s \ ,
essentially no ability Lo unsuer this ;ype of question. 1t deciscbhs are to'

- be. technically souad it is manddtery that\efforts be made to destgn ecosystem &' e
models to determige the signiflcance of a certain size’ was\.evmixing zone where”

- there is;zn wzpairment of fish reproduction in the*fisheries of the Jake as * - B

a whole, . . . . M
hThese results would Qhgeapplicable nut_enly tc chemical inputs but eise (o o,
heated-effluent didcharges from electric generating stations utilizing; N l
. once=-through copling. Each of the Great. Lakes has 2 larée.heat-pssiqi}iti;e
c&pScity whereby waste heat could be added to the lake without significant R
inps irment of overall watey quality. There is no d%ub!' houever,'thét‘ K : * .
it would be possible to add sufficient heat to the lake to affeect adversely the
v overall lake ecosystem. At this time, we cannot, predict with any degree of
' rellabibi:y uhdc the ultimate heat-assimilat!ve capacity is for any part of the
.ufeat Likes. Therefore modeling efforts.should be initiated in an attempt to ,
4 Jdetefaine :%L Lapact of impyired water quelity in one*region on.the overall .
W 'eéos[stcn ' . e ! > N I ! -
. Currently some progre:s s being made on hydrodynamic wodels of the’ dis~
persion froe, 1 point source, such as & uasteuater outfall. Probagly the , LT
T . greatest suc.ess uf modeling efforts in this area’is in connection with pre-~
dxgthg the size of therﬂal plumes from electric generating stations. This can ~ N
s be donq todx) with 4 reasonxhle degree of reliability. However, virtually no ’
. - informitivn L¥ available on modeling of the chemical concentrations and.erithX.
of. « ontamimants in Phe nearshiore zone. There is a need for nodel;ng directed
toward efanining the physics, chemistry, dnd biolog; of n{xing Zones for waste-.
. " _water {nput to the Gréat Lakes. From an-overalf,point of view, such modeling
of'ehemieal contuminants is hindered by lack of information on the environmégtal

’chemlstrv, physical transport, toxicity, and/or stinmulatory capacity of specific

c;emicdl specles 1n freqt Iakes waters. .
THere are several ddditional study dreas. Related to the questions’ of
"1odeling of the water quality of the Great Lakes is the deVelopment of monitor-
ing preygrams deslgned to evaluate changes in water quality as a result of man's L
activities. At the preseat time, nu one has determined the number and location
. ef nonitoring sltez{}n the Great Lakes in an.attempt to detect significant 4 ) ,
. ehangesf/; wz}er quallity. To do this in a meaningful way, a% least orude models .
of the e/pected responge of the lake to various inputs must pe available.
I feel NOAA or some other agency ehould work on ascert; Lﬁing the signifi-
cance of marshes'dnd wetlands to the SEOIOgy of the Lakes. ome parts of the
Great Ldkes have nonsiderable areaa which 1interface with wetlands or marshes.
In marine systems, Narsheg are known to be the primary source oﬁ nutrients and
. foods for larval forms of aquatic organisms. Yet llttle work has been done

. on the signtfiqpnre of ueclnnds to the Great Lakes aquatic ecosystema.
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- > Another ire; that shot61ld be” considered for possible NOAA activity 4s
developmené of a data sto?asg and retrieval system on Greqt Lakes uﬂcer.qdaliCy
The existing syéce;s slmpl are elther nonﬁunc:ig;al or,unreliable,. These are
of 1litsle or- no value in es;ablishing water quallcy of the Great Lakas. There
+ is 11s% need for peripdic critical e;aminacion of the data to ascertain whether
there has been any change in the water quality of the various Lakes. Ine
additlon, someont with a high degree of technical ccnpetencg should review all
data golng into rhe storage system in order, to engure thedir reliability.
Further, some permanent regord should be kept of‘ihevandlycical methods that
~ were used to generate the data. Then sometire in the future, sonmeone- from
_either wizhip or without. che agency. can examine the historic data and deternine
whether or not .there had béen real changes and whether apparent changes can be
ascribed to changes in annlytical proqédures and/or sanplfng techniques.

o Anocher aspest of Great Lakes water- qualic) problem studies which I feel

néeds qoqsiderable attentlon is the d}ffusion
Recencly completed scu§}es by W. F. Cowen %nd

small pafc of the total phosphorus present in

of phosphorus sources for the Lakes.

mysglf have shown that oqu a,

the organic and parciculéce

from 4n economlc, or more importantly, ecological point of view.

“forms entexing Lake Outario from ¢ributary sources will likely become available

-in the lake. ~Thls neans shat efforts to control urban' apd rural stodm watdr

dxainhge {n many. parts of che Great Lakes basin would result in little or no

improvement in water qualiry because the majoricy of the phosphorus derived
from these source$,is in an unavailable form. The studies of the type conducted
by’ Cowen and Lee on the Lake Ontario Basin should be expagded to all of the
GreatsLakes and include not only tributdry but also atmospheric sources of
phosphorus, .

There is 3 great need for a conprehensive look at dredged material dis-
posidl eriteria in order to determine what is the actual envirommental impact
of offshdre disposal.of contaminated dredged sed;mencs on the Great Lakes.
These criteris are of great economic significance to the Great Lakes. The
current ban on open water disposdal of dredged materials in the Great Lakes
within the nest few years will cost an estimated $230 million for dike disposal
There are serious questions about whether this expenditure is Justified
Ic is highly
prubable that dike disposul systems currently being developed may do more harm

ireas.

to the aquatic ecosystems in the Great Lakeg than have open-water disposal

systemg used In the past. Efforts in thesé'areas should be closely coordinated

with the U.S. Arm& rps of Engineers Dredged Material Research Program.

&
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1.7.2 Resfonse

L,k N
I <11l epand “n <. “wrcamer s Tmoded trirgeny,” perhaps adding a Iicale , ..

resolutzon o L5, 1 will slso consider ;hit 3 model is and what it can d6 ’

and censider suve His1 guest ions about nogeling ind its relationship to . -

ruﬁégr LLtvem o mLofaa v ut.viev. T o have also ddtected what Dr. W?r:fmer called .

Y elltest v Ut < . people tead to Sc0ff al tie ider of :odilrng and -,

peraps hine 1oL s o é;gakz endeiver. 1 would rather think of it-as &n

integral parts 2f 10 Tuseur; oroceds. .t R .
Relating medels to resesr b (t1g. 23), what we are interesttd in is,:of

course, the real svetem ind Jhiat gpazes icguk. From (h’e real system,.we derive

real ity from tne feal datd, we derive'.a descriptive or é;ncaptual podel.

The }assi al feedbuck loop has pretty much dealt with these cééponentsc real

. sestem, re:l dars, Joareprual rodel; or it ?As gotten to the Tevel of a zathe-

~3ti711 roded uhout which, ifter it nas been put on paper, people say, "Yes, ', .

*

tnis io Tine, seens to look right, etc.

Again, going back through this Yoop
tuat by heea mosesrch up until recent y€irs, we are now capable of testing -
. matnematic sl molels In g verv 1mperson41ifdshion. The value of the compufe: L ‘:
is *hat it ?f‘JLdJS.vn inpersonal ev;luatiun of vour model. 1f it is no'goodn
. the (omputer o3 ggitw td tell you by prabiding sinulatiomgdata. Nowy you have
something tu mpare wirg the real data. It is usually not going to match up .
with re«l daticthe first tine. We are golng to crawl before we walk., So what ’ .
40 ,ou 4 tien’  fou modifv .onceptuil models, mathematical nmodels, and simula-
- tion. Predr tive a-1licy £s sort of 4 spinoff. I think too wmany ‘people ére *

thinking n terws »f using oifulation 15 a prediptlve and decision-msking tool

.

tithe we will ez this hind of <pincff in the future, but “the real value of
sinalation 1s tust of provididg tests for the conceptual models that have been
fevc loped aver tte .eirs. The conputer can also keep track of nultiple, com=
~ vlex-coupled neulinear interdctlunﬁ which dre characteristic of ecosystems .
ind whil n ronfuse the huran mind, ) ‘ , ‘
“hat is the role of sinulation? It is part of wthe research feedback loop
(flg. 23) ind evervbody should be invelved in it, It te-wriong to have one guy
A0LTE ‘ont ind ‘ollcxtxng the dat1 and another gj}vdoing the simulation. Ideally, .
L each rese s prer should be involved:in both pdrtq'of this process one way or
Wother be suwe It prnvfées in inpersonal evaluation of sclentific concepts.

If the wimmlitien loes not =itk Jp with.the real system, you should sdy
"hurray." That 15 the He¥e ‘rhing that‘could happen. Do not be downhearted or
“sav, "Ler s rhrow {t out." If {t works completely and matches up with the real
Syntom, ous 42“ {o Jone, and jou Tive not lesrned anvthing. ¥ You have the S1d

Fon epes; buu-vuu ad them betore. U it does not work, then you know somé-
thing, The old »nacepts were not tutallz/,grrgut. Now you have to find out
whv {4 i« rhv %LNHI\‘AUH data do not mac;h up with the real data. For example,

, there must be .;~-th1n, lvkan. in our underqtdndlng of the whole process of

1]
L4 frculation of lives, It the sinulition does not match up, it means there is

: sometiday wrong witn the o optual model. A (oncept may be cobpletely lacking
: 85 y s
- ’ '
' ' . ) o
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"‘or th}!‘c mav he some kind of n'n‘xnmr inurdx t.?’m t.mm,., ;lice that we are
. 'mt ware of. On the other hand, mmbv the '-odel 13 no gueod. That is a
| «
possihilitv, but, assuning vou hive checkad the model matherat{ ally, it 1s
aoing whit you think it is dnlng and the real data are qorrest, then if the
sigulation does not wory,.there is sonething wrong witl the nnrept’ual.,m?deli
b qu{)ln should not he very concerned t'hq:, we Are Sfarting (iut with very
~rdde models.  Ywentiunlly we will add o ther. Look whit hinpeniedd with the
. '“in,‘lnbin molecules.  Tirst che.' worhed out . T'nrlo-l wit’e 10-angsirom r«.soluc ion,
* Pt the: L0t Was sore bin nun}'v thing, All '!u v knew previousls was that there
wias some ordering of the molu ules  Gridually, ts the resolution was improved,
we were ahle to gee a shirper md sharper pfe srure of cho rhﬂ:nical molccule. a
Hrzre we are wor.lingﬂ/lich a mchc'aaticﬁl model. You have to start with a
‘ rrude, low rgsolurion thiog e work merd the hiigh resolution ﬂ()d(‘lﬂ of the
futureS  You must ¢rawl before you w.lllf and walk be&ort' you run, , -
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1.7.3 Responie - B Ladie

1 <ant to eaphasize some «f the points that T feel are really inportaat.

4 Pri.ary ik the one brought up by Prof. Mortfmer t.l\is morning that biolggical

ocels apd chemical- biologic.l interu~tlon p‘ocesses are poorly upd-rstood in

cotrparisun with physicil prozesses. The xea»on is tha: no strong taeocretical

foundation for biclogy-and nonequilibrium chemistry exists. «specijally in .
aquatic systeas’ ! -
) Prof. Lee's ana-ysfq of our weakest points in rears-or2 cbea‘str) is <

alyo uwell taken. Effects of river plumes and water mass entrap:ent on Al

~ G f
biological 'systems are incoapletc‘ly understodd. The sublethel effects of top(ic

mjterials are something the oceanographers have begun te look at, and I thi“é

we can take a xey from the beginpings of their research.
to look at sublethel effects ofc
fish and smaller organisms in the ocear.

They ‘are beginning
etFoleun hydrocarbons and pesticides on scze

Looking back at Prof. Mortimer's diagrhm what we need to do‘*is in box .
TS Experin?%\(t‘crroaation of Nature. That is where, in the biological t
\4nd chemical as, we have to expen “our greatest effort if we are going to »
}, better, uzderstand the system. We do not understand the f rmalizations or the ,,_:>
functional reltcionlhips which exist betweex biological uptake and soma chemical }

. “species. What mechiinisms are triggered by certain perturbations in the

x biological systen? What causes a bloom to occur? What we uill have to look at

is somethiftg on a higher frequency scale and 2, smaller spatial Scale than was 5

e

' atterpted in IFYGL. . .

As Dr. Aubert mentioned this dornitig, the natural distribution‘and *

virrations' in the'chggical parameters were not wel} understood in IFYGIL,

Jl;hough analysislhas just begun, primarily because they were not collected on

a fine enough grid and tine scale to get good relationships.

What-we need to

|
- 1y .
. do in the studv of environmental dynamics 1s to examine the system at a higher N
. .. - - |
» frequency In a spatial scale we can handle. L |
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. 1.8 DISCUSSION : .. ¢
2

s ' gubest. I want fo ¢ ment on the, 1nturpn_z‘. ton of r.nai-umgntal Dyhamics 1s ‘a
titie used for the plenarv =nd vork grOup sessions. "I conreive of a zodel,
e ' niemrchy with eavironzental dyna ics bé‘igg -thc ~2st m.luswe leyel. Environ-
::er:ubl"dym ics lavolves _b»:.li'\:curt(iom. of ..1 e levant pTC«(SsL:,. If a model .
- wepe-drawn, zavaronnentil 4.0 A.—., soandd re tt o ot.pe Four other
items are rougnly equal bul one level bc“’o. entfr roeme gl dangriost Wates

.~

. ~ovements, rauitic ecology ind witer qu-xh::. L emai™ ~. vre daterictions,

and water levels ind §lows. . Somwbod  wlse would procml st ur different
. -~ aferir hy. A n_.-d:clo'g 5t s1vs hedrologhy racludes iizn ios oo 1:~noiogxs: $3aVvs
, limnology includes hydrology. , It depends on the viewpoint as to how a deructurg
is ser up,-but ’that tas my rationale in preparing the outline. Yo holds are
bupred In the ares of ¢nd{tomrentst dmpmirs, wor should tuere be restrictions .
> » . .

{n tne other areas. In some respects, agquati e zlugy =3 be :lrost as broad’

.15 environmentil dynamics, but I think aguatic e olosd, ecp.asizes biological

To. and heri. 1l mspects more thum phvs1<al aspe: :_5'. . [
. Mortimer. w111 tnere be an opportunity for tne, sroups t> get together astdé
) fr' the grous sessions? e { S '
-2 Aubvrt. In tr i workshop sessio'\s. ’ ’ ‘

.
Moriimer. LguH two work groups merge 1f thev felt so m;':%ed’
\ubere. .Yes. 3gain, 1o Concepl, thls wds Structuled o manimile output and .
ilso to reduce groups to managesbler size. lhile people have been agsigned to
WATH gTPU0S, 1t is not meint that evervbody must remiin in thit one wOTrK, group.
» Souc niount of floaci:'\z betwean worh group sessions =ight ~ike sove sense
© vin thu there s clearl, overlip between tne groups; ho'-eve I cannot suggest
tos, one night flogr in order Yo pzr'i« ipate in all relevaint discussidns. Likes
. wise, the ~hilrmea nav feel 1?[ for pars ¢ of the ~or.~,£,op ses.,ion it ig‘nr. ‘be ‘
L «h»x'xbh T suhudulu")\ P2Lnl wuTK grm&p »:c':sx.m., :h.il éuusx_ m ,,‘: .
. EIThe Teft to the chalrmen. ' o . . .
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1.9 LAKE-ATMOSPHERE BOUNDARY LAYER PRDCESS,S OF, LARGE LAKES - M. Estoque .
. For the purpose of @y Prebentation, I will jassume that the problem for
this group is the prediction of boundary layer processes over large lakes.

The. texc boundary layer processes’is undérstoed to refer generally to the
turbulent fluxes of womentum, heat, and moisture. You might ask whether or
not there 1s,'indeed, 4 problem. We know, of course, the approximate behavior

. of ,the boundary layer over lakes; there is 4 problem only if one wants to pre-

dict tne magnitudes of the processes =ore a.curately than we can at present.
. The accurscy f this predicrion at preseat is not high, in general within a
fictor of five, but somewhat better in cases when the thermal strﬁtifica:ion of
» the atWOsph!re %s near neutral. Why are boundary layer processes over lakes
important? They are inportant Because shey are the mechanisws which generate
the ovérlylnglzir.’ . . Lo
The behavior of the boundary layer over large lakés depenés primarily on

;
the surface.water .urrents and transfer heat and moisture between the lakT and

-

thﬁpanJLling synoptic conditions and the lake surface temperature. 'Synoptic

1ondl(xons over the Great Lakes change due to thq passage ‘of cvclones and an;i—
xycloneg. The change is more or less regular, with a periodicity of about 1

¢ . ‘beeﬁ,’ Oa the pther hand, the lay surfece temperature Ihaﬂges auch wore slowly.
"The chinging synoptic conditions,‘iﬁ conjunction with the lake temperature

! *distribution, preduse corresponding the@mal stabilityv changes in the boundary

%' ’ "' laver. One can classify the thermal stability conditions, into three categories:

unst able, neutral, and stable. The pngbﬂble condition generally occurs during .

. the winter sgison when the lake surface temperqturg is_warmer than the surface

air laSO(thCd with tne large-scaleé prevailing flow. The neutral condition °

-

v o urs when tje subface air has the JSame tenperature as the lake surface. The
T% stib rondxiSQn o.curs in late spring and early summer when the lake surface .

is ~older-than the surface air, In general, the Inteénsity of the boundary layer '

pra. £5505 over the like is lnrgest'pnder unstable conditions and least under

st ible conditions.

It 2ight be of interest to giug an indication of how much the large-scale
svnoptic condition can be\nodifted by %ake'Ontargg. This is done with the aid .
of 1 numert.al sinulation of 4 thermally unstable case. The synoptic condition
which s sfmulltcd i» that which occurs during thé period immediately following '}

‘the passage of 4 <vgk0ne slightly noyth:of the lake; the perfod is, thereforeiu
- characterized by 1 vxerink,of the wind from westerly to northwesterly over the -
lake. 1In order.:o simplify the nunerical integrations, Lake Ontario was
repliced with 1 reétangular like of about the same size. Thq lake surfice
temperdtiire is assumed to be uniforﬁ and 20°C warmer than the.large-:cale
- prcvaiiing surface air. The simulated distributions of air temperatire,
pressure, and velocity (fig, 24-27) correspond to distributions 5£€er the -
synoptic wind hus veercd from.westerly to northerly. Figure 24 shows the

alr"temperature diqsribution near the Lirth's surface. A warm pool of air is

.
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‘i genctu{éd;'the‘c?“ftr 1s qnuzh~of the lake cenier. ¢lose to the southern coast=
line. *This feature !5 2 reqult of the wafming of the alr as it moves southward
" 4cross the warn lake.’ ths warn pool is reflected as a low pregsure area at the
Surfagg as shown in the surfgce prgssu'e distribution (fig. 25). Figure 26
©  shows thé sukface wind distribution. Notice the strong winds whiuh have been «
genergagd oyer the lake. XNoti.ce 4130 the strong horizontal conver;enct along
the sounhern shoreline. ASSOLidted with this convergence line is a region of |,
upward xotions. THis is shown in figure é7’AZ£IZE’;hou;—Ihe vertical motion
field at agout 1 km dbove the tarth's surface. On the basis of these diagranms,
dne’concludes tnat the lake could stroﬁgly npdify the prevailing synoptic flow
pattern durt&% thernally unstable conditioms. It is, therefore, impossible to, (
dcterqine accurately the boundary, layer processes over the lake under these
COnditionS by Lonsidering only the yndisturbed synoptic -flow pattern. One has
to take intd account the fact that the lake can strongly distort the synoptic
flow pattern, thereby producing a mesoscale disturbance whoge boundary layer
1s different from TIt Inferred FESR the undisturbed synop;Fc condition.
The problem can be summarized with the ald of figure » We envision f i
the problen to bé prediction of the boundary layer p{ocesses from the specified v
. bundisturbed synoptic-flow, the lake surface conditions, and the surrounding
land-surfale cond{tions. The crudest solution would be to consider only the
undisturbed synoptic flow without taking into account,the mesoscale disto;tions
indured by the lake and to use empirical—phvsical techniques. I; figure, 28,
thig method of solution can be indicated schematically by arrows which proceed
“from the given boces (synoptic flow, lake surface conditiong, land surface’
conditfons) to the predicted box (boundary layer processes) through lines L.
'1, 2,3, 4, and 11. 1In this case the feedback loop is not considered; i.e.,
%ines 9 ind 10 aire disconnected from the lake and land surface conditioms.
The iéea} solution should consideg.t?& feedback loop. As indicated in the .
preceding paragrapli, the surface flux;s produce a modification of the atmosphere
that results 1n a mesoscale disturbance. The associated bougdary layer of
the nesoscale flow may, In turn, preduce changes in the surface lake and land
ronstLons, thu% altering further the original boundary-layer processes This
complivated chxln of events can be 5aken intotqcxount only by incorporatinguihe
,feedback loop. This implies that, lines 5, 6, 7, 8, 9, and 10 (f1g. 28) should
" be taken into account.

It is appropriate to assess the current state of knowledge of the physical
processes whith are required for the prediction of a boundary layer. In figure,
28, these prucesses are those which are involved in empirical-physical models
(1ine 4) and the mesoscale-physical models (1ine'5). Let us consider first
the cu;rent state of knowledge concerning the empirir&l-physical determination
of turbulent fluges. A conmod method for doing this is the so-called bulk‘ .
aerodynmmlc method whi fi requires the use of drag coefficients, The magnitudes

of these coeffivients are not accuratelv known. And one of the important
v -
’
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hthdies under IFYGL o to dctcrmiée the values of these coefficients under
various nLL&orul&kltdl Lgnditluns over Lake Ontario. One can *get ;n indication .
* of the current Seate ‘of knowledge of these coefficlents by examining figure 29.
This diagrnm indicytes the accuracy of determining the turbulent moisture flux
by using a drag cdefficient. An approximate value of rhe coefficient would be
123 < 10_3. However, such a4 value would 5er10usiy underest imate the tu'bulent l
flux ar lirge values of 6ﬁq. The cor;;sponding accuracy of determining the
" turbulen” heat flux is ind{cated 1h figure 30. Again, large e;rors in deter- .
mining the heat flux with the aid of o constant value of the drag coefficient
are expected., In additioq to qulrigdl reldtxonships vetuern turhulent fluaes
~n} the mean flov, ume « n also ¢stabl_sh empirica? relaticnshins 'etwez=n other
beuddiry layer quantities. An exanple of such a relationship is between tée .
Rlciurdson number and the bulk Richardson number (fig. 31). The Richardson (
number 1s often used as a paraneter for determining, empirlcally turbulent
f luxes. It concluding the dxscuss on of empirital-physiCAI relationships
between tukbulent fluxes and the "1an klow, one can say that current relation—
“ships arp rather redson;ble. However, in,orier to predict the boundary }aﬂer
prucesses more aceurately, one should fermuldte more accurate relgtionshiﬁ .
The current ;elx?ionahips ire erroneous under highly unstable thermal stratifi-~
“cation and strong winds. *“ore research must be done in order wo formulates
satiszLtOfy relstionships under these extreme conditions. Hopefully, investi-
gations.under IFYGL night provide improved relationships. b
Ne'dfgcuss next the urrent state of knowledge concerning the physical
nodeling of resoscile flow (1ine 5 of fig. 28). This is normally done numeri-
~ally with tne so-called primitive equations. What are the current weaknésses
in physicil models of mesosgile flov” The most serious weakness 1s the descrip-
tion of the effecrts of subgrid-scale eddies in terms of grid-scale quantities. .
For ,practical purposes, the winimum grid distance which cun be used for
numerical integratdons of mesoscale nodel'equdtions is probably on the order
» of 10 km. Therefore, The effects of eddies smaller than 10 kn in scale should
be understood. Another wedkness in “the mcdelxng of nesoscale flow is/the .
incorporation of terrain effects, varlations in elevation, and roughness. The
fescription gf the latter i3 especlally dtfficult because it involves the effects
of trees, buildings, and similar inhomogehei}ies of the Earth's surface. Finally,
there lré wedknesues relﬁﬁed to the formulatidin of lateral boundary conditions
and initial conditions. .
To*summarize the.impqrtant points in predicting the boundary layer over
Vikes, we need flrst to specify the synoptic-scale flow. The synoptic-scale
flow ls predicted on an operatlonal basis by the National Weather Service. The
accarar v of the prediction 1s reasonably accurate. We can, therefore, assume
that the specification of the synoptic flow 1s not an important obstacle in the
huundarv-lnye} prediction problem. The interaction between the synoptic flow

ind the lake Lo ul?o an Importint factor which should be takeqﬂinto account ,
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» Elder, F. . (1973), Some results of direct measuremenf of Boyen ratid over
an open lake surface, priesented at the 16th Conference on Great lLakes Research,
International Association for Great lLakes Research, Sandusky,
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for the lake distorts the synoptic flow, and the distortion produces a boundary
layer over the lake which could be very different from that deduced purely from
the undistorted synoptic-scgle flow. Finally, the deficiencies which have to

be overcome in order to achieve an accurate prediction of the boundary layer

flow are as follows: /
« (1) The specification of turbulent fluxes and other boundary processes in
‘ . terms of the mean flo¥, especially under highly unstable (thermally)
and strong wind conditions.
“ ~
(2) The spedéification of sJEEbid;scale nixing processes,
. - .
(3) The incorporation of varyingfterrain elevation and roughness.
(4) The formulation of lateral boundary and initial conditions.

In addition to the above items, there are certain observational deficiencies
which have to be remedied. Observational data are needed i&_ﬁgz%ula{ing
empi;lcll flgx relationships as well as in testing models, 1FYGL may provide
adequate ohTervational data over Lake Ontario; however, over the surrounding

. .
lard areas, we, may not have adequate data,

5

*

bonelan, 4. (1974), Uvep water dtnospileric boundary layer profiles under
various conditions of wind speed and stablllty’, presented at the International
Asdoctgtion of “eteorolosy and Atmospheric Physics First Special Assembly,
Helhourne, Australia, January 14-25, 1974.
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1.9.1 Response - B, B, Hougton . B e

. I will expand considerations for the Iake-arnospheric boundary layer .

prOcesses b:yond rnat discussed by Dr. stoqué Dr. Aubert rnfer:e& to enlarg-

ing ,he concept of gzvironnentar dynanics to include the ‘azal envirgagent. °I - "

\ qu}d propose the saze be done mére for the boundary laver. EL:stly, tn,neei to .
consider tne pIxnetarv boundsry layer over entire satershed arE¢s, such 4s was .
shown on the map for the Lake Ontario study, ig}tead “of just over the lase._ . »

& Secondly, aftention nceds to be giveg $0 a laﬁer auch deepér than rhe:SurYace B .

blundary laver. Dr.'Lstoque 1lluded Xc this deeper layer, but referred

explicitly to the 10-= sufface liver odly when discussxng fluxes. With these
enlargements, the important man-lake Lnteractions can bu >tudled. particularly

with respect to iir pollutiom. Han 3 environrent nust 1nc1ude :he air we -

. ' * breath as well as the water we drink. f - -

' t An important point that Dr. Estogque mzde was chdt the boundary layer-lake
inmteraction was not all-one way. Sany oceanographers and linnologists deal .

. with the atzosphere as the forcing function for the water. But, for the -
atpaspheri. boundary layer, it can a1§o be the other wav around, wﬁtuoséheric
:emyerature gradients snd (lianging staric stxﬁilities due to water t3mperatuce

'Lan be important factors in determin%ng ’he boundary Iaver mixing process.

. If ué consider air Pollutloﬁ, the lakes may act as an active—sjni

The inportant thing tO note 13 that aé(nre talking aﬁout 2 tu{bulente
phenomenon for nonndaageneous situations. [f the atoospherd near the lake

edge {s examined; do.al xlruulation> and other. thonogeneities are <ommon,

. rqusing important deviations from %onogeneous 1nd ieotrdpi« turbylent mixing. : 5
Perhaps the’ adiustments 1n the loues: 10 n arg velacivelv.rapid angd n?i:J . o
homogeneous conditions ran, be handled locally., For the 1aye; frun LO nto o
2 kn, it is not so clesr how.the boundary layeg 'esponsea can be handled. Ve
.Therefore, [ .ouLd enucufage further effort to get turoulencc and flux daza )
for. the laver fron 10 m to 2 km so that better studies can be made. Experience

! . gained 4n tle recently rOﬂple[ed Global’ Atnosphcrxc %eqearch Prograu Atldhcic

Tropiral Experiment su 1Rests that tethered ballcbn system might be 5uffieient

. to provide artual hea: and moisture flux determinatlona under various synop:ic

coﬂdib{ons, ; . b P , ‘ L -

Dr; Estoque indxcated that we alre:ﬂy know vOrtiLaz fluxes to within odne
order. of magnitude, b1s<\ on simple turbulence modcls. and that this matter

1s under control. I feeL that one order of aagﬂl;ude’is not good enough;

pirtiru]grly for cases of extreme instnbi]ity, a )ore accuratc deternination

-t of nagnitude i3 needed. . ] on = ¢ ‘

As mentioned eirlftr, the Lakes are a sink of a:moépheric air pollucion.

This makes it import:nt té detefmine the rate at yhich the atmosphere ig bringing

the pollution to the SurfJAG of the water This Qecds to be explored with

emph‘r.sis on ths near, lake.edge, areas. Sonetlm:f; t'jle luke~edge circulation

. ’ ' -] . ', N .
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becomes losed v o' plllution sdvected away from 3 city may be recycled back
1 € M . !
- IS to'the area, leadins to enhin-¢d polluticon danger. - . .
Fin:lle, witn referene td soales, ‘Creat Lakes boundary-layer effects 4
A .
K o 1nvolvg mesoscale p eno-ens with 1 depth on rne prder of several zilozeters.
- - ¢ h
S Add te this o >i,nificant diurnal variability, snd we are In a seale range .
“~ . , - .
AU Wiere the wm¥—acs ord 1nterictiions afe peerly understocd. We need a much
. .
better dit- asse for proper sfud. of t.ese pro~essess I enderse Ted Green's
- oncept of n.virg 13 al  or-entrated observing setup nested within 2 broader
.-
o 5-re netvere. Imis will provide neeccd —esosc:ile data. i
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1.9.2 Response - 3. Holl.nd ,
1 will endnerate 1 few §..nz> that I think, as a resul: of our experienze

' In IFYGL, st1f1 geed to ce done on the Grelt'L‘x}.eS- IFYGL dié a0t properly"

) cover tre sc:;tg_k seisen {7 tre spriang when tne like is c,ooler than the air.
Thy instrurente wWeres 20t .nstilled e.rdy enough, the. ware aot workd ng well
cnoug".. 1nd e vert. i1 resolition 1nd vertr-al \..overdge were not adequate, l.e.,
tue arrplanesfdid act {1v low eacuan, the towers were not aigh vnough,

Z

and we had no, tetywred billoons s¢ the faterval from 4bout 10 to 100 @ above
the Taie where 2 B1g :run<:-1on or-ure between l.ke surface coaditions and the
Sree atmospliere wis M2t otser ed, “ve %1d some evidence ofs negitive fluxes of

) Tolstute and F.CA(, but this is an important case thegrerically and dynanicelly.

- == ind frm tne s.:nd"o nt or oollizion (although it coatributes little to the
lake-air transpord of neat and th;‘r yapo‘r because they are very near zero
durmg; that seison) because thls is ome that n¢eds more work, It should not
be done soon. We need xdeﬂ&dte platforns and iastrumentstion for tackling this
problem before 1 new experi~ent is done. o -
se hid 1 peculiap seir, as every year is peculiar, One of the peculi::r .
. thfngs about tne year of IF¥.L wis Hurritane Agnes. Because the June~July
feriod was so severely perturbed bv that, ti’aere ts some questlom as to how . ‘
ouch we rin.generilize any of the results obtained in IFYGL during that time
. o the ve1r to othe*‘,yudrs; obviously, we need data 1w other years. Voo
W rert. wnly should get much farther ileng in undersmndim, what ue ledrned
fron I"&GL beror..r we fi'nlize the de§xr,n of.-n program to (‘hetk the upp&h- 1
ibility of TFYGL results under other: lirge-scile or seasonal conditions. .

. i $fedlatly, Lage-untario Is T pe nliar lake, but we Jilled this the field year
. -,

Y
$

for ‘the Great Laves. It was thg field year for Lake Ontario and for generali~

" tite goint whcrc ylL Csf os3y whit we learaned f:om IFYGL, we should antidpate

.

- zat ron of IFYCL resulc«; to- che other lakqs, iz will again be necessary to
’ T . Ltesg these resulty on the other laked, ilthough miybe not with a project the y
Q‘v 'r.i;;mr,ude uf I?Y(,l ,  But certainly “hen the IFYGL data have been analysed to -

-

what .will be found in the other lakes h1sed on generallzxtion of the IFYGL
resultsy These 5!l0u1d then be testcd by sult‘able ohscrv‘ztiuns on other 1akes,

mvhe not {1 rhe ocher 1o, but \err xmlv P;kes which ar(, different {p

inportint respects. Lake %l litgan, fof exmple, i¢ elongated jn the mendional
dirw‘tion insteid of the zonal dlreatlyon: therefore gradients ttlong the axis
‘of that lake perhips cannot he 1, readilv neglectedsas they can be in Lake
Ontario. v N ¢

“a necd information on the r.xc 1rshore unosp):&ric g.radients. Nearshore
linnologiml gradients h ivir been o matter of very great interest and have led to
hportmt dxsgoverles in IFYGL, but we B d poor coverage on the atmosphere in
e the ne:g,h‘ore region ind the shore region. We liid _good coverage on honogenccus

{nstrumentatlon ni ely esposed all over the lake. On the shorelin.e, we had few ™

., stations. There wias no attenpt to stindardlze the exposure of the instruments.
¢ -

. v
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Each one had so~e peculiar locil effecgs. There wére not gnough to establish
¢ the boundarv conditivns uf the lsxe and the interplay of the meteorology between
the lsne and the land. What hippens in the nearshore region in the atmosphere
1s still a mysterv as we trv :o_analyze the IFYGL meteorological data. This is
a3 subfde. t that cééds nore swork, and agsin it needs thought and suitable instru-
=entition ;0 placforms before exrensive fleld work is done.
The Centér for L<periment Design ind Data Analysf{s in the Environmental
Dity Service of “JAA will be wOrking with IFYGL data to get mean values and
- -~£a=£1déz~a-li=1:s on some of the exihange coefficients and to determine whether
somc‘of the nontinearities of the coefficienthcaP be found. The évaporation
graph that Mariano Estoque showed suggests the possibilify chat high qgﬁgggacion B ]
rates =ust frrfe abigger coefficient., Al5D, one of vhe previous speakers
showed a iraph in whicn a drag coefficlent of 3 x 10-3 was used, and limnologists
tend to use nu:bers like this. Heteorologists use numbers more like 1 x 10 3 .
' and we do not xnau the effects of the intermitcency of these phenogena on the .
mean lehaﬁ pf these .oeffjcients. One of che things we learned in)IFYGL was
ibout Cﬁk’lfkerﬁfttﬁnC) of the iluxes. We knew tRat most of the energy flux
feom ‘EE J&&e iu the air occurs in the fall season and that most of that occurs
in a few er~ud?$ of a few days each, and we found in IFYGL that, within those
* fow davs, mosz of it occurs in 4 few hours. We also found that it occurs in
1 3&411 pegcentdgg‘of the lake srea. When a big cold outbreak occurs over the
. lake, 1t .turns the luke over and pushes all the warm water over to the downwind
end of the luke. Eosentially 411 of this flux is taking place in a short time
in a small 3pace in the lake. What this means in terms of ex;ha;ge coefficients "
in Fstoque'~ mudel {s thdat, in addxliun to the mesoscale perturbation of the
dth&phtre, the‘perturqulon of thee lake also is golng to effect these exchanges.
We may Jr éd//;oc be ahle to learn from IFYGL what we need to know about these -,
nonlinesrities, these internittencies, in order to evaluate the feasibility of
nwdeling means ovver menths, seasons, or years, or uhether.&hese have Eu be bullt

). v [y
up statistically fronm the probability distribution of the widely differing _

. . -

states that oueyr. <

Ancther thing that will inferfere with mesoscale mode{ing’ié the possible
impoftin e of small mesoscale or large microscale, that is, the kllomeceg-
scale structure that pay occur. We know from satellite pictures that lines,
cloudss and streah> tend to occur and that thede ChingSihaVC varying widths and.

2 lntensLtLes, su this is going to make some diilerende in the exchange coefficients
that ire nied. There 1o dppartncly structure on all scales, an@,{fYGL was not
ihle to cope with the observational requirements of this kilomeBey/ scale. It
was yery guod for lahke.s<ale and naybe down to one-third lake -5 é) but we
dfd not Lns:runent:to 5- percent lake—sgale in IFYGL . There is systematic L

behavior un thss sralc. whichi I> essentially the scale oi the nearshore transition

$o

PLI -

zone. . .
These are areas for further wqrk uhlch I propose would need a high priority /%A
4

~

as a result of deficiencies in the IFYCL program. /ﬁ

El{lC’ . 10. S o
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1.10 SIMULATION OF €ilR.EAT LA%SS WATER LEVELS AND FLOXS IN CONNECTING Y
CHANNELS - D. D. Meredith
The Great Llakes 3re the earth's greagest eéxpinse of freskh water.” Due to
the extensive derugrapnic and industrial development of the Great Lakes regionm,
the hydrologic conditions of the lakes influence the econoz, and growth for a
major reglon of toth the United States und Canada. The-uarer levels of the Lakes
and tne flows, in the connecting channels influence wany, of the activities on
and around the Lukes. Comwercial navigation requxrgé certain minizun lake
levels ind flows in the conaecting channels ;v provid; the necessary =inizuam
drartt, Hydroelectric power generition requires minirum flows in the channels
to maintain power capscitv. Shoreline property may sustdin 1nundation and
erosion danage £rom direct flooding during high water periods. In order tg
nchxﬁv; the maxcizum beneflt‘fron the Great Lakes, they must be managed in the
nost efficient way to achieve the objegtives of those who enjoy their use.
To manage the freat Lakes water levels and fiows in connecting:thanngls,
the 1nf{o¢% to the Lakeg or the outflows from the Lakes or both inflows and ’
outflows must be controlled. In order to control the lake levels and flows in
Eonnecting cnsanels, we must have a regulation policy whiuh incotporates the 4
e basin's hvdrology, regulitory works, ind political and panagenent 1ssues.
The purpose here s tv present.a brief-review of the ba§in hydrolegy and
the procedures.used to deternine optinal regulation plans. ° ’ R
From the conservition of matter principle, a witer balance quation can
be written for edch lake 13 follows: N . ‘ ¢
’ \/ "S=P+R-E+T-0+D36,
where .S 1s the_cn;nge in arount of water stored in the lake, P 1s Precipitatapn.
on the Iake surface, R is runoff into thé Iike from the surrcunding land area,
t is evaporition from the luke surface, I is inflow fron the upstrean lake! 0 }s i
*. outflow from the lake through its nitural outlet, D is diversion inte (+).0r out
of (=) tne like, ind G 1s fround witer flow entering (+) or leaving :
lare. All viariibles :ire gzpre§scd in the same Jhizs wd for the sand period of
tire. Obviously, anv viriible may be equal to zero ?or'x e where £t is not
pgrtinent. The change {n amount of water storéd in the lite, 'S, 1s dQPOSItive
mount whew sapplies ev;eed removals and s d.nexdtiVu ampunt when removals-
vcvrevd suéplkvs. - ’ , ’
the Tiﬂcs_;nd Nater hevels Sec tion, “firine Sciences 3Bronch, Canada
Depirtment of Lnergy, ‘ines, ind Resources: “itivnal Oceal Survey, HOAA, U.S.
™ Depirtment of Commerce; and Detroit District, U.s. Arav Corps of Engineers,
mitntain water Jevel gages on the Groat Lakes! rivers whi. h connect the Lakes,
and nh;nnelq in which wiater {5 divertod inte or out of the Lakes.. Change’ in
amount of witer stored in a like i« calrulated from the ar;d of the lake and the
measured change in the eleVation of the water surfite over a PErioé of time.
The amount of léllow from the upstream lake, outflow from the lake through its

’
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natural oucle:, 4nd di'ursions in:o and out of the lake are de:ermined from
the’ uater level re\urda 1nd sating Aurves which give the relationship between
the amount of flow past 1 poiAt and the surface elevation of the water at that
point. ’ >
Precipitation, evaporation, runoff, ind ground water terms in the equation
above are sumetines _orbined {nto 4 single term which is called the net basin

A supply (ABS) to the lake. The wdter balance equation can then be written as

follows: :

. ’ *$ = ¥BS + 1 -0+ 0D,
The Value 0f~the NBS term in the equation <an be determined as :he sﬁg/of the
precipitition, evaporstion, runoff, and gruuod water contributions to the lake,
or It can be Jdetermined as the residual after the value of the other terms have

been determined. "
There heve been nuzercus studies of the hydtolosy of the Great Lakes and
their 6ubbasins.” Buetikofer and Meredith (19723 prepared an annotated

- ﬁx:liog;zphy of studies madecprior to 1972. The latest descrip:ionhgf_the -

h.arolozv ind hydraulics of the Great Lakes system, including a discussion
'of fi,tors whl.h[}ffcct the water supply and the response of the.systeﬁ»to its‘

su;;lw. was prepured b, the Internaticnal Great Lakes Levels Board (1973). .
Ttds stud., i» ~ith rogtwf the studies on Great Lakes regulatién, is oriented
towdrd use of the LBS as thet hvdrologic.input to each 1ake. Each historical®
4BS vilue wais ruﬂéh:ed 15 the residual after the value of the dther terms in .
the,litter gquation abdve had been determined. In addition to the historical
studies, ittempts have been made to develop models to forecast the NBS for use . .
in regulition uf tne Lakes. These studies are summarized by Meredith (1970)
ind the International Great Lakes Levels Board (1973). e T

. jone> ané Heredith (1972) determined monthly values for precipitation on

'
- wa b Lake, evnporﬁtfon from each lake surface, and runoff 19:0 each lake from

surrounding lind ireas for the.calendat years 1946 cthrough 1965, The former

©quE10n 3> Nt satisfled when the precipitation, evaporation, runoff, riwer -
flyw. wd o hange 13 storage vnlges are substituted into it (Jones and ﬁeredith,

1972). This indicates tnat elther gr?und water, about which we know very . R
* letle 1n the Greit Lakes, should be Eonsidered, or there is some other

i e/plinition for this dlscrepaney. | -
. The . wastderation of the thermal exp.ansion of water would change the values
of the .5 in the forner equation and woyld have the effect -of decreasing LS for "
months when the temperature [« increasing and increasing AS when the tempera-
ture s dereising. ﬁouent results indicate that,.for some months of the year,
the temperiture cffects on lake levels ate on the same order of magnitude as .
the NBS of the lake (Meredith, 1975a). A step-wise multiple regres;ion
. milveis indicates an apparent influence of upstream lakes on the precipitation

in downstroam basins (Meredith, 1975b) . Fdrlzjumvré, a statistically signifi-

rant relationshlp was derived which fﬁdlrdtes that the precipitjtipn in thé

“

—
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« » .
Lake Erie dasin during,June 1s a function of the evaporation from Lake S:Jperi‘or
“in Moy and June (Meredith, 1975b).

.
- “

Littke data exist concernlng ground water eontributlons to the Gredt .
Lakes. T\he usual assunption js that it is insignifi.cant and can be 1gnore-d
(Internationa} Qreat Lakes Lévels ﬁ'nard..1973). About the only data are from the
wOTK by Haefeli =(1972)‘cancerning the northern shore of l.ike Ontarle. Ground 4
wateg contributions mav becore Import.nt_in terms. of water qualitv, espectally
if there 1s the practice of disposing of wastes iato the ground water.

Another co‘nponent that will come into play a little more in terms of lake
levels is the increase in consunptive use of water around the' Great Lakes.
Increage in the anount of water that is taken out of the Great Lakes and not
put back in will have a long-te'rn gradual effect on the levels. This effect
w111 probably be minor when compared to other factors affecting lakewlevels, -

T}xe zdevelopnenb of '&\ regql.:tibn plan i'g depend’e\nt,up’on‘thc data u:;ed
ind the Proce‘dure used to formulate the plan. The International cxeas-Lakes o
Levels Board study (1973) used the monthlg’:_ %BS values for the period’ from -
.Jnmmri« 1990 to December 1967 as the "study period” for the regulatiop study.

The 4BS values were determined as \:esidudls after the other terms in the latter
equation were dete’mined. These h;‘s%’oricd NBS vilues were used to.d'evelop .
operiticnil regulation plans. Addittonal testing of the reg.:.\lation plan was
conducted, using fjﬂ vears of data nmenerated bv a mulri armtt"nmlel.

Ihe river floks used weére, those values developed by the ZYoordinating

- cozmittee on Great Lakes Basin H‘/dx;hulir and Hvdroloai, D'AL(i"(lnternatio—ndl

oreat Lakes Levels Bdard, 1973).. . )

) The current vegulation plans in operation on lake Superior and Late
Ontario were bn&fd‘ on hindsight. A reg;xlatxon *plan which would benefit one or
\'nore ibterests was estnbllgiled so*xew?}.xt .nrhitrfrily.a md the er'{e‘gts. Jdetermined
oy computing the re;vu].tm,f; levels and outflews that would ocrur with this
re‘guldno'z plan, if the historical sequence of NBS vilues were to"m cur agaln.
If the regul.ition plan did not sitisfv the objectives of k_nrena”for regula- .
tion over the critic 1l perlod, idjustments were made to the regulation plan
and the adjusted regulation plan was tested. This process wl‘:. répe.xted; un:il .

. —_
a regulation plan satksfied the objectives or «riteris over the critical 4

v

. .
period (Interaitional Great Likes Levels Board, 1973).

-

» Lhe Internationaf Lreat Lakes Levels Board (1973) uaed dvnamic pragr:amming .
ind 4 suecesslve approsimation’ technique to*develop trial regulation ph‘.ns “
using the Janvary 1900 shrough Decenber 1967 lusto'ri.dl sequence of NBS vz'xlues'.)
ihese trial regulition plams were then tested by using synthetic seguenu’}S‘
generated by multivariate models. . : :

Helthes ‘the eurrent 'regullti,on plans nor thejest of the trial pl—lm} were
able to' gatisfy the criteria during a test run usigg the critical pe'rllod ff
1‘968 through (Y73, during which time the Lfedt lakes Bastn recelved uxtr?hcly M

Y‘xrge Mmounts of precipitation {International Great Lakes Levels Board, 1973).
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Even the Q;e of. synthetic sequéhces in the testing.of trial plans does not é;~
indicate how the (reat Lakes sysfem will respo;d to the plans.under more ex:reme{
conditions. Most attebpts to generate synthetic sequences of flow variables
are almed at preserving the statistgss which are used to define tHe historical j'
sequence. If the historical sequence of values does not contain the most b .
extreme events that can occur, then any synthetically geherated sequnce will .: P
=ost likely not contain the extreme events either because the multivariate
nqgel is designed t; prederve the characteristics of the historical ;equence.
I know of no case in which a synthetically generated seguence of events contained
——a critical period which was more extreme than the critical period of the
Bistorigal sequence. , . .
A The EInternational Great Lakes Levels Board (1973) used a deterministic
) approachi to optimization. The optimization was performed by using a particular
v scgugnee of flqws;‘whethet that sequence of flows was the historical] sequence
or i synthetically generated sequence does not matter. Lake Superior regulation
plins have been develaped by using a nondeterministic approach to.optimization
(Su, 1971; Su and Deininger, 1974). The inflows are treated as stochastic
random var[dblea, atid thus stochastie nature Is incorporated directly into the
Jptyzizatlon technigue. However, this teclnique results in’ excessive computation
times when dpp11ed to the entire Great Lakes system. A greatly simplified
exarple for a four reservoir case required {pl minutes of computation time-
(Su, 1971). . : R
Morris (1974) proposed a modeling procedure for utfiizing all tﬂ; relavant
tnformetion in a multlobjective decision-making scheme to deévelop an optimum
'opur;t}ng policy of the Great Lake$s system. A\multiyear linear-screening
model ia’postulated to pr&vide an initial regulation plan, and a simtilation
model 1s to be used to evaluate proposed alternatives. h
' Other studles for determining optimal operating rules for multiple-purpose,
multireservolr Systems might also be readily transferable to the Great '
Lakes oystem. Une such approach is a two-dimensional dynamic programsiing approach

(Rood, 1974) . . .
Much of the concern with flows in the connecting channels has been with

detoernining the effects of ilie retardation or with flow conditions at regulatory
works., The 1ie retardation problem has been annlyzgd, using a hydrologic’
rc;ponsc model with stige—gdll discharge relations, rather than using the
hydraalic routing technlques to determine the flow conditions (International R
Great Lakes Levels Board, 1973; Quinn, 1971, 1973).

To sum Up, Great &ukes hydrology has been briefly discussed and sources
Tf more «omplete Information indicated. TProcedures for, determining plans fer
regulation of lake levels due to_chaﬂges in lake water volume have been
described, but changes in lake levels due to waves, tides, wind, and pressure

t cannot be controlded by regulation. . s .

~
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_’yﬂpeginning to approach the problem from other than a lumped parameter model.

.

ERIC

Aruitoxt provided by Eic:

The Great Lakes system i{s subject to natural regulation.

The approaches

and techniiues uged in the past have resulted in regulation plans which provide

for more efficient use of the Great Lakes than if there were no regulation.

However, there needs to be furthq; studies on lake regulation plans. There are

powsrfyl optlmlzag}&n techniques which *%ould be used on this problem. There
must be some procedure devised to allow for testing of regulation plans for
extreme conditions which are worse than have ever occurred in the past.

\ We.dre just beginning to understand Great Lakes hydrolggy. We 2re just

The application’of con;eptual rnodels in the study of Great Lakes hydrology will

be another improvement in our knowledge and understanding.

assumption of future water supplies to a lake.

enable the extension of hydrologic forecasts.

. The.decision prucesses of any regulation plan require some- knowledge or
Forecasts of weather would

Current skill in forecasting

weather and related pheromena can only be measured in temms of a few day.. The

International Gre.t Lakes Levels Board (1973) reports that, with 4~month perfect

!
forecasts, benefits on the Great Lakes can be incteased by one~third.

We have just begun; there is much to do.

-3
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" by about 2 y®irs. This {5 4 result of the precipitation-ground ingeraction in

.ideas as to what {ts contribution is. A study is golpg on now in relation to

1.10.1 Response - F. Quinn L .

On the overdll aspects’ of Yake hydrology, series of models relating
té the water quantity are available. They are cally mass cogtinuity rmodels
where the flows are routed through the system. The médei inputs consist of
evapordtion, pre«ipitation, and runvff, LLthe ind#v'idually or considered as
the lumped tegm, NBS, 1ntu the lake, that Dale Meredith pentioned. Also, the
hydrologic response models that are now being used encompass the regulation
plans for Lakes Superior and Ontario. As many of you are probably aware, both
of these lakes aré completely regulated by man. The ﬁiddle lakes in the
system, xichigan. Huron, §t. Clair, and Erie, are 411 governed by the1; natural *
responseg‘ Therefore “models for the systen consist of the. operational regula-
tion plans fo upcrior a;a—bntario_;nd the natural responsernodels for the - g
rest of the System. Several areas need a mugh Yarger inpu: _as Dale Meredith
has brought out. One is on the interactions Between precipitdtion and runoff
It has been pretty well domumenced,jusc by looking a; time-series rela;konships

between pregipitdtfbn and lake levels that the lake levels lag the precipitation

whith the bisin reacts similarly to a sponge. However, there is a problem ol
quintiTying this .and using it as a typc “of predgrtive model to determine the
input$ {nto the hydrologil response modals. In addition, as has been mentioaed
i mest of these hydrologic studies in tie Gi:aat L.okes area, grourdd water ’
has been completely neglected. The reason for this is that no one has any

IFYGlL which mav give some insight into this problenm. . -
One of the things that should be mentfoned about the hvdraulic models is

that they also serve us  major input {n water quality nodels. _If you want to

know Jiow nuch uf a constituent i% coming into one« '.ke from another ¢n a M

volumetric basis, vou hive to know how much witer g coming(through that system,

where that water is coming from,~und where the water is going. This, is some-

thing that the hvdrologic models provide. In addition, there are hyaraulic

transit models und steadv-state mod&ls of the connecting channels. At the

current time, I have models tor both the Letroit aud the St. (lair Rivers.

These™models have 1sJdnputs the upstren and duwnstrem hydrographs; for example,

for the case ot the Detroit River, lLvdrographs tor fakes st. L11ir and Frie are

u?d. with these as the foruing fum tions, river flows Lﬂn.bO.COmPuCEd on an

hourly basis it about $our or five sections fn the Detrolt River. The impor- - .

time ot this stige-disiharge relationship has been brought out earifer. ¥ind

tide ind Svi\hés on Lake Lrie canm cause flow variations coming into the lake of -

vetween 2,200 nd 9,100 mj D-l ut water. This type of variation can vccur over

a 1= te le-h erAod. It what a1 happening biolegically or chemically

is boing‘monitored during any of this time, {t becomes necessary to know how

much witer {s coning {n at any particular time. We haveMéed podels iy several

studies? One studv for thd Great Lakes Regional Office of the International «
A

. 1038 .- ‘

929




Joint Commission used the Detroit River model in conjunction with its chloride
data to compute loadings a‘nd to determine the effect of river flow variation ot
loading and on the representativeness of the sampling as reflected in Detroit ¢
River ioading.
- Looking toward the future, one of the prerequisites for a betten hydraulic_ -
nodel will be more accurate discharg‘e information. It comes back to the same
thing, a model was formulated using the equations of continuity and motic'm, and
now we want to calibrate that model. But, to date, all we have is discharge
information which was made basically at one point during a limited time and
usually many years ago. What we need to do {s to devise a measuring system and
go out and provide additional and better discharge measurements for the river
nodels. To illustrate the importance of the river model for Lake Erie .
approximately 70 percent of the water which comes into the lake enters via the ’ ~
Detroit River, and about 70 to 80 percent of the water that leave the lake
. discharges through t the Viaéara River. Therefore you can see that slight errors,
in the computntion of the river flows can create considerable error in the
sgter balance and consequently in the chemical models. k
Looking toward the big picture many years in the future, I can see, and .
this is a suggestion ‘which has been brought up several times by Dr. L. Bajorunas, s
that one of the important aspects of the ecology of the Great Lakes }'nay be in b
terms of water quality regulation. The uater quality of the Lakes varies with
time, and during various times of the fear pollutants may be in different’
sreas of the Lakes. Therefore all the models which ase being derived; those in
the biological and chemical realm, those in lake circulation, anq,ﬂ’mose in the
h,drolegic realm, must be combined lnto operational models using opera‘tiona ¥

research to regulate the Great Lakes. The long-range view of %hat might )

concelvably .ome to pass ihdicates that all thesg models may be amalgawated .
Into a large scheme which ‘will provide, in addition to the current lake-level

regulation, pyrhaps a more important regulation as far as the future of éhe -

- »
Great Lakes in terms of water quality. , ) - . K
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2. YORKSHOP DISLSSIuN SESSIOH‘ ¢
2.1 Guidelines for Work Growps -~ E. J. Aubert
First of all, I wi1ll comment ont the work group makeup. Each of these”

groups has a chairman, a scientific secretary, and various merbers. I have
already mentioned that’sope novenent between working groups is desirable.

Too much motion 1s probably going to be chaotic; exactly how the line is drawm,
I leave to you. The handout material *{Appendix 1) contains a sheet entitled

’

Jorkshop Group “Mesbership.

In my introduction this morning, I mentioned five purposes of the work- .

sa0p that I consider relevant. Whether these are?all compatible in one work-
shop, 1 an not sure, The first objective is to ldcntify future Great Lakes
environmental research lnitiatives, L.e.. 24)or programs required to provide

L 4 .
a satisfactory stuate-of-the-art in environzental simuldtign and prediction to

. support the decislon process for Great Lakes avtivities, This includes predic-

]
of Commerce aL[ivity - - .L_ .

tion, simulation, and those experirental studies necessary to support the
nodeling effort @s well as the environmental description

. The second objective is to provide an opportunity to the Great Lakes

research comnmunity to discuss and reconnend future Great'Lakes cnvironn%ntal

- -

regearch initiatives.
Third ib tv (onsider possible United States~Canadian joint tesearch.
initiatives, .
Fourth {s to identif; logical follow-ons to IFYGL. Co
Fifth 1s to explore the priority environmental reséarch needs of NOAA,
viewing NOAA operating units as users of enviromnmental information. They y
actuilly are producerS, but you can look at it from the point of view o/f
developing rescarch products to backup the operating environmental units.
The National Weather Service is one of thé’major operating units of NOAA,rbut
Lt is not the only one that was considered. Sea Grant.and Coastal Zone Manage-
ment are others. Amor Lane, one of the NOAA rcprcsentatives, could comnent
on this point. He h]S responsibilities at a program management level in Sea
Grant, Coastul Lome Managenment, and Ptoject Independence, which, translated

into everyday language, means energy-envirgnment problems. This is a Departnéht
DR

wihe purposc of our plcnary:BeSsion was to set the perspective for work i

3roup sessions, and it 1is perhaps clear that not all of the &gpics that are

relevant to some of+these work groups liave been covcrcd, eithér by the principal

’
 speahers, or by thie responders. This gap was brought out cleaply relative to

an aperatidnal problem with surface wave prediction, which has not been
mentiored. The Natlonal Weather Service consliders wave prédiction to be én
Inportant forecast problen,'and I hope that one of the work groups will discuss
this, Inm fact, since National Weather Service people are here, I hope they .
braHE up such prublens. I hope it gets discussed from the point of view of the
state-of-the-art and what future rescarch {8 meaningful. Wave prediction
could be included in one or two workshop'sessions. It could be in the. Water

,

’
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- Hovenekfs group, which,is where it was in IFYGL. Clearly, the action of waves
is not only rglated ;o-tﬂe stresgeon the lake but also to the condition of the
lake. So one must know smethirﬁ?’ut the lake thermal structure in order to
kndow how the surface stress is goin; to affect waves. Another aspect of surface
waves concerns the scope of the boundary layer. As I would view the boundary
layer, it includes not only ;he atmosphere down to and including the top skin
of the lake but.also™the ?pp;r laver of the lake: As Marlano Estoque aéd other§
pointed out, the stress is very much dependenttupon the stability conditions,

*  The effect that ajcertain synoptic situation has on the surface waves is very
auch dependént upon the lake- atnosphere boundary layer and the situati n it is
in relative , to a synoptic weather situation. Surface waves as a top{ fall
between the ﬂaﬁfr Movements and Boundary Layer work groups. If timg can
be found to get together, it would be appropriate to consider this jointly. I
sugéest that the co-chaifmen meet on this topic~tomorrow morning for an hour

. in joint sessfon. Is that reasonable? Do you have a suggestion?

Baer. There aré two or three other things that I think go hlong with waves,

for exavple, storm surges, which present serious practical problems. Also, I
have not heard ice mentioned. I presume that most of the ice is caused by cold
atmesphere. I just wonder if a8l of that could not go in,one session., * ' .
Csanady. Yes. But you see from experience with past,planning segsions in

IFYGL that, unless you have somebody repredenting some of these constituents

* . in the work group, there is not go}ng to be npuch significanc discussion because

we do not have the competence or the interest to go istto- these fhings., There

right be more intere;t in the atmospheric group in waves, but even then I would
suggest you attack this separately. Waves and the littoral zone tranzyort,
coastal’ erosion, and so on, seem ro hang together and require the calling of
another group whose prime interest is in this‘field and who cogld make'a useful

‘contribution. We could then either say yes or ¥nore it. This is what ,

.
. -~

happened last time. . ,
Aubert. What you all say makes sense. My point {s that the work g}gup session;
should not be restricted bx the scope brese;ted in the plenary sessions., Hoye
ever, the unr%,group sessions will be limited by the interests and capabilities

of the people attending. Unless these topics are ralsed, they.will not be -
dLs;ussedt Sin,e there are more people in the work group.sesslons than theve - .
“are people who have madé presentations at the plenary session, it will be up N
to this broader membership ta bring up these okher :opic;. How wellsthese

additional topics get discussed 1s not known. They may be {nadequately covered.

Baer. Could ybu put it all some place so the {nterested people would know .

’ ¥ here to gorinstead of picking up a li:tle bit all pver the place7 " .
Aubert. We mentioned a few topics, but there are more. You cannot leparate

them all, I do nbt think you have a reasonable question. I cannot leave

this without mentioning something I saw in print from Will Pearson; it nust

have been about lq years ago, but)is rclevant‘to this mix bf purposes for this
. A

* .
-

it
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workshop. ‘I do not know which people'in the marine environment try to cross

- marine animals to generate new speciles, bué this guy was trying to cfo:s an
abalone with a crocodile. Somebody put this together and camé out with an
abadile. Somebody else put it together and came out with a crocobalone. 1
Maybe these purposes are not completely compatible. Be that as it may, wee
would like to achieve the maximun pSssible from the coméétence that we havg
.gathere?. The plan 1s, then, that we will reconvene in our working group ‘meet-

’ ing> at 8:00 p.». and again in the morping. We will reconvene here in plenary

session after 1Bnch. * Are ,there any questions? "‘ \
. - Csanady. What do you expect in “the plenary session? Aﬁdetaiied presentati}n
of what we want to do in 19772 +°° ' - t .,

\ éggggg. Not what you want to do, but what yoti think are priority tqseatcp
‘problems. Also something about how you may 50 about 1t if you have done that T,
. much discussiog. Problems, I think, ought to be defined with some thought tg h
their relative 1nportance “within the scope of your discussions. ﬁhife':bc s
questions “Whar have ve learned? Where to go from here?" dnly appeared in &he ‘
Prof. Hott%nerﬁfntroducgory,plenary session th}s morning, Ehey apply. to all of
. these topics and not just, IFYCL. What have we learned Erbm all of the research
on the Great Lakes? People who aré not IFYCf participants have been invited
to 'this workshup, and’ﬂmny ui you have pursued.other Great’ Lakes t¢SeatCh too. . |
From what you understand the need is~-and we do have some people ﬁere who ought
to speak up on need, at least from these NOAA gtoups--what are the iuportant 4
research problems that ought to be at:acked’ Include smethins about hw, but -
you are not going to develop a research plan during the %ork group sessions.,.
Ideally, we, will come out with the proper ;esearch questions to be asked and
ideally, some of the objectives one oight want to pursue. . . .
- Holland This i5 not for a FY 1977 'field program® Lookiﬂg over time, what should
be done duting FY 19772 This, IS for field work that might be in 1980, or
analysis of data collected in 1981 or whatever, - . ,
Aubert. I am looking at it fron the poinF'of view oi something new. 1 wculd
‘ see IFYGL, as a formal progran, terminating ia 2 to 3 years. .That 1s as far as
B IFYGL goes in the budget process. It uill no longer be a line iten.- Whether
there are future Great Lakes research initiatives ifrolve a lot of decisions
that go higher ups than this Laboratory—-the budget channel and that sort_ of thing.
Hol¥and. It could be the start of a 5-year program’ It does not have to be a
N < leyear program carried out in‘1977? ,
: Aubert. No, I would vieg this as a major effort. It could be a 5-yecar effort.
If thezc are research objectives of importance, they sLould be tdentified. I
do nAt Vew the objective of this workshop as telling our Lab;;atory in detail
. uha€ we ought to be doing in the various projects we are now working on. We hth

an on-going program. There ace other congiderations that will go into that.

. : 1 am asking you to- identify a logical follow-on to IFYGL, 1f there is one. .
. ’ , 2 - . s . . \ .
- - * , . 4 W . .
5 * ] N Y !
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}jbrtimu"‘. Can yuu s4v sunmcthing about the Iinteragency arrangements? I believe

you had one conferen.e last year. Is there another Interagency conference
pl.zmnefi for this vear; How are these kinds of programs in the EPA and the
Atomic Energy Commission going to weld togetfler with the NOAA effort?

Aubert. You are Feferrlng to tile First Federal Conference on the Great Lakes
held fiere In Ann Atbor in December 1972, This was sponsored by the Interagency
Cizknittie on Marine Science and Engineering (ICMSE). Dr. Robert White is the -

* chajirman, gnd each uf the major agencies oy departments has a representative

an >ICMSE pertaining to the marine environmgnt in the Great Lakes. A second

conference 1s now in the early planning stage. ' *

L)
Yoredher. ,The scale of Great.Lakés research &ow calls for interagency programs,

Even IFYCL was funded by multiple agencies. The biological work was funded
by EPA, and there was fzgu'ly :onsidetable National Scieunce Foundatic;n funding.
Aubert. Your question was broad, so I cannot answer it in a few words. A
second ICMSE conference is planned. "

¥Mortiger. Should we think about interagency programs or about NOAA only?

s. Aubert. <{learly, there is overlap Iin the mission of several of the ¥.S. Federal

agtngies pertaining to environmental research.

Mortimer. There are also the principal users. The EPA {s a major user for

ﬁbnitbrlng and enforcement, and the Atomic Energy Conmission {s the user for
power geheration and dispersal and fate of radioactive materials. 4

' Aubert, 1 guess the answer is yes. I will tell you what I plan to do relative
to interagency in'fomaclon as a result of this conference. He could not invite
more people; obviously the room is full. We did not want to expand :he
objectlves and purpose of this meeting to-invite all the other U.S. agencies

that have envirommental missions and research programs won the Great Lakes

because the scope of this workshop would be so broad that we could never get
. . ’
done, 1n" 2 day and a 5’8“’ But recogrizing that suggestions might come out
that ‘r.learly qverlap the other ageacy missioﬁa-—namely, fish, pollution, power--

I will mgke the. other Federal agencles aware off the results of this.meeting,

:glve thea a copy of the proceedings, and explore any ideas that might have some
¥ fnteragency merit with them. -
Mortimer. You want us to think about science and not politics. -
Aubert. T prefer that you do that; and yet consider science from the point of
view :‘nat it is problem-orifnted, not knowledge for the sake of knwledge but
’ knowledga for better management of the Great Lakes.
Fortimer. Call {t strategic research. ’ :
Hess.  We should aot tty to design another IFYGL for another couple of yearl. ¥
The najor field ac:ivit; should be nore spread out than that. "
Aubert. That comment came from & high authority; the situation being what it
s, ft is better nét to desizn afiother IFYGL. ‘ -
. ‘ e B - '
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Hess. There vwill be some arrangements about interagendy coordination. You are

asking us what Lt is, «nd 1 do not think either one of us knows right now.
It would be a waste of effort to come up right away with another major field'
activity like IFYGL. Address yourself to éhe problems, but do not try to
put them all f{nto one big bag to try to so{ve them like that. Let's have

something chat 1s evolutionary. . i
Aubert. I did not fully answer your question, Prof. Mortimer, but I think it
could take half an hour. There is a4 second Great Lakes conference, sponsored
by ICMSE, which is 'in the preliminary planning stage. The date has not yet been
set. The first planning session took place yesterday and Dr. Bajorunas from
our lab attended. The Atomic Energy Comnission at Argonne, rflinoig, has thi
lead. EPA was the lead agency at the earlier confetrence. -I gather from
Dr. Bajorunas that yesterday's meeting did not result in any clear direction

. of where they were éolng or when. More planning will be necessary to get that
point, but ICMSE has requested that another conference be held. Any other

questloﬁs? This session i{s adjourned. ’
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2.2 HCOE}EKDED RESEARCH INITIATLIVES
3.2.1 Water Movements_» G. Csinady, Chairman

o

This work group addressed the research initiative problem under "what"

" We have several recommendations under each.

and "how.
OQur first reconwendation 1s that we should fully exploit'the present
t. data base. This is, of course, something we have already agreed upon, but
nevertheless we would lfke to put on recqrd the strong suggestion for a broad-
- based exploltation of existing data from IFYGL and earlier Great Lakes studies.
By LrOad—based exploitation, we—alsq_mean to inc}ude’the interrelation of
each Lﬁdideual's work with the work of others. This kind of activity is «
only noW heginning to start as data becone widely available. We are only
recently in a position to take qdvantage of what other people collected during
' IFYGL, Having lookéd at our own.data, we should now look at everyone else's
tQ exploit then and naka\yhateve! scientific advances we can. Also inAthis . O
- category is the verification of numerical models. . Models of physical processes
_ nust be tested agafnst existing éata in a broad kind of way. )
The, 2’xt point {ela:ing to Eutpre research is the high priority we place
on_work on nearshore-offshore exchange processes. A concentrated .study of time
* ‘and space svales of .flows nearshore, and specifically of the structure and
dynamics of fronts, 1s réquired. Tife interchange of momentum, heat, and™”

,
pollutants across fromts has relevance to research on the Great Lakes as well

as to ééneral oceanog}aphy. Tﬁé‘effects and parameterization of friction
nearshore are also impgrtant. Coastal irregularities and their effects on
,genexal afrculation, the coastal entrapzent of materials, and flushing processes
4rQuni bats,‘baysL and prominences all come under this heading of nearshore-
af{shore exchange. e . . .

The next recommendation in"order of priority is a further study of
large-gcale long—tgrm ldke cicculation or, 1f You like, circulation climatology.
Winter circulation {s of special Lntéres* tn tRis context. Some field data

s, ' extend into winter, but most do not, and this leaves an important gap in~
cufrent knowledge. -

Our fourth recommendation concerns vertical mixing processes.. The aurface_
mixed layer and its interaction with the atmospheric boundary layer, including
the overcurn&ng yeriods in the fall and spring, is of considerable practtcal
;nd s;ienéiiic interest and relates in an important way to the physics of
turbulent friction in a stratified fluid. . .

Qther problems that have been raiseh'here, guch as wave studies and fore-
tastlng, besch eroslon, beach movement, and lce movement, should be conpidered
by a more gompetent panel, X .

Turning n¢w to the "how" of the‘pfogram, one question is: 'Is’a son-of-
IFYCL desirable, and'what would be the‘scientigic_purpose of such a progfnm7'°ﬂ
We agreed that toordination of scientific work would be beneficial. When

a number of investigators worﬁ'togcther on phyaical problgma relating to the

115 '
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Great Lakes, generally speaking, nore~is likely to come out of a coordinated
effort than the sum of the parts. There is certainly a favorable point in
thinking of a successor to IFYGL. - Concerning the logistics of such a program,

the concept of again having a core program, with auxiliary programs arranged

by individual investigators, 1s recommended. The- vcore prog;pm should provide

the necessary background body of da?g zuch as it did in IFYGL. .

Southern Lake Michigan is a good place from our point of view. It is
sclentifically interesting, reasonably simple, and accessible. This choice .,
also seems, although we are not the ones to sny, to be politically wise.

As for details:about how to carry out such a future program, the one
point we all agreed upon was_ the need for lodg-term, careful planning well in “
advance of field operations. This 1s*to deflne Llearly the scientific prbblems )
to be attacked and to evaluate previous achievements.

We also discussed instrumentation. If we are going to use instruments
which are relatively new, they should be tested and used by the Leoplé who are
3oing to use them in the field well before a major deployment. In any coor-

a ’ dinated Program, it is essential to be able to rely on the instruments. In this _
problem category, we qlsa talked about using whatever technical achievements .
would be available to us, including satellites, possgply blimps, and'any other
technological improvenents or adyances in the state-of-the-art. Although one
cannot be too specifig at this stage, }t is desirable fo'aevelop instruments
capable of‘profil{ng temperature and current velocity. Such instruments havé

. to be developed, and the whole project has to be attacked well in advance of

’ its execution. A number of years are required to develop and test instruments.

The coastal chain, as a way of looking at the shore zone, has been very useful

and will no doubt be used again, but it has a fair weather bias and other

shortcomings. It would be desirable‘to learn from what we have not been able

to do by this Eechnique. To develob new techniques, 1t is necessary to start

planning fairly scon even 1f field work is done in 1980, o

The instrument array in such a c:re experiment would perhaps be similar

tosthe one suggested by Ted Green. That is, we would probably nave a central N

array somewhere between Chicago and Milwaukee, if we can agree wfth the other

groups that this 1s a desirable area. .
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2.2.2 Aquatic Ecology and Water Quality - c. Schelske, Chairman
0)16 of the approaches used by this group was to review what had happemed
during IFYGL and to discuss what IFYGL provided in the. way of understanding
aqudtic biology., There was a dichotomy in,onr group between what the aquatic
biokogists thought was important and what the #cdelers thought was important.
I will try to represent both of those views, bug, since sowe of the modelers
were not present at the fend of the session, the modeling input may be limited. PR
® What do we feel IFYGL provided. In t' way of understanding the biological
processes, the IFYGL program was gear‘ml’ -oward understanding climate "than
understanding weather, if we can apply that—analogy. Coordination needed for
gxedlctive modeling ‘was lacking, mainly because the biological~chemical deaign ) .
was added ‘to the or}.ginal program ar.‘a late date. More tYoe was needed for in-
teragtisn and de'velopnent of programs. Good data were obtained from IFYGL, '
but we feel the next step should be for models that will predict weather and
net climate. weather, in this case, 18 the sum of the processes in the nearshore
. z—one, where _the frequency of the‘ phenomena_is much greater, and the phenomena i
' are more varied than in the open lake. ANWSTREY Yedson 1s that most of. the
severe management problems are ins the nearshore zoné, The IFYGL design,
particularly from the biological point of view, was fairly well restricted tg
the offshore waters. The people who worked nearshore has little help frof the

physical modeling point of view, and that is an essential element for future

studfes. , N e
What do wé do with existing data, IFYGL, as well as other data sets? Five '
points related to this question were identified. -
First is the need to identify different existing data sets. This becxpies
_ more and more important with the passage of time. As more and more new investi-
gators come into the system, the need {4 identify sources of data becomes moYye
critical. Eventually studies that have been done may he lost. There are )
unpublished results that shquld be identified and collected in some organi;ed

¢

forn. . i
Second 1s the need .to develop due,’,;o make this type of infomation s
available &9 investigators. This is something people could do without actually
L . going @;&xand colle;tlng data, and it reight be a profitable way to spend money
~ »‘from the standpolnt of government agencies. Many university prople have students ;
,_ «that would be interested in cettain aspects of this prqblem, e
i i The third point is that funding must be provided for the analysis of

these data sets. . .
““\Fourth is the need to determine w'ha,t' kind of, tiiological samples are
available that have not been analysed. ‘and whether they have been stored properly.
Some samples have gone tO the Smﬁm Sorting Center, but other samples may
eventually be discarded. Ideally there should be a museum that would curate
smnplea, or maybe a Federal laboratory with a museum in 1,t that would perform

this function.
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+ zone prior to mountimg large-scale modeling efforts. Finally, how do we do

" this?

-
-
-

Fif:h is he need for « .ontiauing effort on . he probléms add;;ssed above.
These problems will x;ntlnue a3 long as sclence, so we might as well face them
now. It may be .significant that Dr. Beeton, who is probably the senior member
in our grouﬁ o tPe Great Lakes point-of-view, felt that this was very impor-"
tant and everyon Agrgfd with hin. One of the reasons for making this point
is that sometimed the perspective’of experience is needed to sealize the
importance of factoYs sucl as continuing prograns.

Regardfng naw research initiatives, we hagd troubleTwith specific research

*

iniciatives, but neatly avoided the issue by proposing a title for the new

. research initiatives. It {s "Biological and Chemi.al Processes As Influenced

by Materials Input ind Transpost in the Nedrshore‘Zone." I wxll'outline this--‘
the whére, what, why, and how of these initfatives. "Where" is, of course, #~
defined as the nearshore zone. Specific nearshore zones will be considered

later. The next question is why we piched this titfe. One reason already
mentioned is-that =any préctigal problens are_in the nearshore zon;. The scale
and frequency ‘of measurements that would be nceded would be a func:ion of the .
specific problem of interest. is difficult to deffne research objectives
within 1 day. We know there 1s_i gap; in fact, we might say there is a lack .
of biological and chemical knowledge about the nearshore zone, pdarticularly

with regard to nodeling. Available predxcc‘ve models, as 1 understand it, -
cannot address certain significan: problems in the nearshore 1rea. If that 1is

not correct, will somebody correct us.™ Thegefore, there is need “tor information

of a descriptive nature and data on signifiiant processes in the nearshore

First would be the comparison of different nEaréhore‘areas either within

one lake’or betwean lakes. It is lmportant to find out whether all of the

L] .
1akes behave similirly or whether differences exist. The study should be ;e

designed so the inshore zone could be compared with the offshore zone. Any of
you who have aver beon to a neetlng where the inshore was disrusied know

ques:ionq always arise as to the distance from shore to the uffshore waters.

h These studies should be designed so that offshore stations, will definitely

represent the open like and therefore assist in defining the boundaries of :he .
nearspore zone for a parpiculdr reglon. From this prugram, offshore water within

lakes can be compired if more than one nearshore region is sampled, and {f not,

we' can certainly compare offshore witers ameng the lakes that are selected.

- Second, there is a need for coordinatioh among the aquatic ecologists

cand people wOrking with water dynamics and water rirculntion‘S

s Nh\t will we obtiin from this extersive study of :he nearshore zone? First
of all. there will be desvrlptive knawledge of the, lakes. Prof. Mortimer
chided me for posslbly nminimizing its 1mpoptanhc but'I think all blologists
reatize there is a need for descriptive knowledge and that there 1s a gap in

this .areafor the Great. Likes, we feel that the desc riptive parts, at least,
- . .
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Jlll be a bypépaugt,of the experiments Lhat.are undertaken as part of the
program. The needed but unspecified experiments will define mechanisms and
processes in tye enLironments under study. Although the experiments are not

< defined, it is apparent that there is need for coordination due to the groblems
of scale. For instance, to coordinate with people who are stu g nearshore

. water transport, ;e have to be certain the appropriate data can Lieobtained for

the area under study since water transport is a significant input for any
nearshore models as it is needed for naterials transport. OQur pobple also felt
strongly that we should have actual watet transport data that were obtained
while ecological data were being collected, rather than & water transport model.

-~ Our specific experimental design 1s very general, but this is to be N

.

'

expected at such an early stage of a long~term program. We have propqsed a
"' 5-year plan. 1 year for planning, 1 year For @ Feasibility study for testing on
a limited scale, and 3 years to run the actual experiments. A number of pecple
'stressed that we need'data for more than 1 year. As some of you know, phenomena
%uch as Hurricane Agnes oceur frequéntly fn the Great Lakes, resulting in
*typigal years for esploxical purposes, go we need data for more than 1 ;:ar.
\ Time is needed for feasibility studies. I, feel strongly, and I think
most of the panel agree, that feasibility studies should be carried on until we
aLe actually prepared to do the experiments. This may mean, in some cases,
that studies never get beyond that point of feasibility, implying all projects
should not be continued througyout a funding cycle. That viewpoint could
reklect a personal bias.on my part. ) * -
It may not be possible to study more than three sites. ‘Four of the five <
Great Lakes have been selected, leaving out Lake Erie. Eventudlly one must
decide whether, for comparative purposes, to éelect one site in each of the
nultiple lakes or to select multiple sites in one lake. Se;eral options for , .
sites were discussed. In Lake Ontario thero were two sites~-the Roches:er,‘x.;.,
area and the Oswego, N.Y., area. Again, the scale of ;the study area is not —

+ apparent at this point, so possibly one site could extend from Rochester to

Oswego. . .
In Lake Michigan, three’or four s@tes were selected. If we take the lead

By

of the previous grodp, we would eﬁd up with three. Pogiibly:gpete is an area
. mnéar C%&Lag; as well as an area near Qilwaukee. We could nof detide whether
- this sh

niddle of the study area halfway between Fhicago and Milwaukee, resulting in

Id be one or two areas, and I think the previous group put the

only one ktudy area. There should bé andther area on the eastern shore of

Lake Mlcliigan somewhere between Benton Harbor and Muskegon. Muskegon is almost
»directly across the Qake from Jtilwaukee, and Benton Harbor is roughly at the
same latltude as Chifago, 8o thts would provide east-west comparison. Then an

unpolluted area of Lake Michigan should be igcluded as well, it would have to .

be tn the northern p*z: of the .lake.:

- a ‘e

, \} * b . o ;

e EMC 110 - e

T T




-

Dr. Beeton proposed that we assess the {and effect as 1t relates to water .

quality. He hgs collected data from Beaver Island: This is another way to

study the nearshore--by selecting an island sité in the middle of the lake with

clean water and little pollution from land. v - . '
In Lahe Superior, there are two logical study areas. One 1s the Keweenaw

current which flows along the south shore from the Kewéenaw peninsula to

. Whitefish Bay. It has been 'recognized by a number of investigators, and 1t is
a discrete water aise. Then, of course, the area around Duluth is.oée that has
been affected by man. We also‘felt there might be some justification in propos-
ing a stud} site in Lake Hurén, particufhrly south of Saginaw Bay, since the
area 1s being studied extensiJely this year as part of the Upper Lakes Reference

v Study. The ongoing worh will provide background data, but these studies are
aimed mo;e toward the open lake than toward the nearshore area. -
A number of important items were discussed that have not been covered
yet. I will copciude by ptesénting a shopping ljst of six or seven items.

* " First is the need fgr high frequency sappling in thé nearshore zone. Perthaps,

N ,a nearshore.experiment mighp last only 3 or 4 weeks, but sampling would bé.
intensive during that period. Another way of undertaking high f}equenCy
sampling.is to study a sqdare meter of the lake, as Dr. Beeton nmentioned yester-

day in his responge. B N

- Second is the need to develop insttuments, particularly 1nslruments for

continuous honitoring, so that data can be obtained without using a ship to

occupy a station. 4 . i:/.

.

Third is the important problem of pathogens that was outside the competence .
of our group. Pathogenetic organisms are released into Great Lakes waters, but
fitcle is known about their fate in the environmen:. Cooperative studies might

be arranged with agencies who have public health responsibilities, these studies

could be conducted simultaneously with the proposed program.

> ~Iw

Fourth, a lot of people.were concerned with sediment-water interchange and

v 1 am sure- 1t will come up again today. . . .

Fifth, there is a great need not to neglec€ the study of the atmospheric = ¥

JURNI

contribution of pollutants, even if we are talkiné about a localized zome. The

preliminary phosphorus budget for Lake Huron is one-third the nutrient contribu-

tion from the atmosphere, another third Is from the two mﬂigg inputs which are
- Lake Miéhigan and Lake Superiof{ and fhe final third 1s from‘Saéinaw Bay. This
’ giyves some idea of tte importance of Ehe atrosphere, and, of courée, there are
also toxic or hazardous materials in atnmospiteric inputs.

The final thing which possibly should be stressed is that the term
"biologiaal and chemical processes ' refers to studies at every level of. the
ecosystem, includinb [hytop])nkton, zoopl. rkton, benthos, fish and bacteria.
These processes’ 1nc1ude the .unction and quentificaticn of various biological

covyponents. Although this obscrvation is apparent to most ecologists, we stress
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it because it may not be essential for presentations from other groups. We
have to be concerned with interactions, not only the biological interactions

but also the chemical interactions, among these different biological groups.

<
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2.2.3 Lake-Atmosphere Interactions - M. Estoque, Chairman
This group interpreted differently from the two previous work groups what’s .

it was suppgsed to do. _Ifdstead of consideripg general research initiatives, 4

members® of the group considered specific problems on lake-air interaction .
processes. This was doge first by calling upon each member to suggest spe;ific
problems: A list of the problems was made, and then cach problen was discu;sed
in détail in order to define it clearly. Finally, we assigned priorities to
the problems on the busis of socio-economic valﬁe, sclentific nmerit, and .
resourceé (nanpower and money) required for soluti;n of the problen. ,As expecteq,
when 3ssign!§§ priorities, each person was plugging for his own suggestion.
Priorities were assié;ed by consensus amopg members of the group.
The specific problems which were suggested are sumnarized in table 9 The
first two problems come under the general category of wave studies. The first
item under wave sthdles is cgn;erned with the ﬁhysical processes which are
responsible for the genethion, growth, ‘and bréakup of waves. }nvestigation of
th{s item requires observational as well.as analytical studies. The second item
under wave problems i, thé applied problen of wave prediction by semi-empirical '
techniques. [he empirical relationships will be formulated with the aid of -
) pressure distributions or bther _large-scale svnopti. des.riptive parameters
whrich are observed over the land surrouﬁding thg lak¢. The next }robi&m
loncerns the predirtion of Surge;. The problem should be- restricted to surges N
which “re lnduugd b, subsynoptic-scale weather disturbances. The next pf%blem
{s the, deternination of the effects of waste heat disposal on the quality of
the envlronment, in both d}ﬂiand water. The next problem 1is concerned,with
comstal erosiop-«the effects of wind séré;s and waves of coastal erosion.under
severe weather cognditions. The next problem sinvolves the prediction of the
space distribution of ice and the physical characteristics of ice on lakes. The
prediction of i.e distribution needs an understandini not oply of the physical
.prupcrbie; of the 1.e dutalso of the athspheric conditions which tend to break
up or melt the fce and transport them in the lake, The next topic is congerned
! with the evaporation fronm the lanc, this is one Qf the problefms being studied
under IFYGL. The problem is the deteﬂﬁlndtlon of the anount of evaporation
- s 'froq the ldkc, primarily for the purpose ‘of using it for the analysis of the
' V like water budget. There {s 9t{l] some question in my nmind about how the group
wan}ed to approach this problem. 1 feel that what was intende& was a determi- P
nat {on of the rate of ev1poration fron the synoptlic conditione by empirical
' tu‘lmlqueq. fhe next toplc concerns precipitdtion, also in connection with lake
n . w:re?-bhdget caliulations. When it was origtnally propdséd, this 5rob1em was
. .
to be yoncerned only with determining the amount of precipitatipn from synoptic
B observations'by empfricnl methods. But as the discussion prolressed, it L
grddudll).eQzlved Into the more L;mplicuted problem of calculating precipitation

by physically modeling the mesoscale disturbance generated by the lake. The next
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) Table 97 Swmary of Priorities Assigned to Varioue Problems L '

‘

>, Soclo-Econoric : Required ‘Effort
i Nalye Scientific Merit _and Resource
7 Py N

Waves (Physies)
Waves (Ewpirical)

N =W
«
A

5

.Surges

.

NN\»‘NN\»H\»NH;—-H
4

Waste Heat Disposal
Coastalerosion ’

s fee - |
Evapacation

' Precipitation ’ ‘
Air Pollution ~ -
Fluxes (T#M, Q) ,

Vertical Structure

*

Nearshore Boundary Layer
Subnesoscale Pépcesses
\

Lake Efféct Stornms
Water Pollutfon Drife »
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- ) problem is concerned with air pol?ution, wit; special emvhasis on the role of

: }ake induced alr circulation in transporting and dispersing pollutants aver the
lake and vicinity. In addition, the problem includes the transport of gaseous

o material from the atmosphere into the, 1lake.! I had not expected this transport

. to be Substantial so was happy to hear from the previoua speaker that this

v transport is important., The next topic is concerned with the baaic problem of

determining the fluxes of momentum, heat, and moisture from the {ake surface.

“ ' Again, this is one of the important problens being investiéﬁted under IFYGL, but
the group feels that the IFYGL prdgram will not completely solve this problem.
Déternfhation of ffuxep during highly unstable conditions, including strong
winds, and also as a function gf fetch from the shore will probably not be
;olved by current IFYGL studiés. .The group would like analogods studies over
other lakdl. Such studies will show yhether empirical relationships formulated
with Lake Ontario observations are valid for othet lakes. The next problem has

do with the determination o[ the éeruical structure of temperature, moisture, .
33 wind in. éhe Lower planetary boundary over the lake. This experiment was
. also planned- during the IFYGL field.program, but I'believe the plans were not
carried out adequately. The ne&t problen involves the -determination of the ,
nearshore atmospheric boundary layer structure. This is important because the " P
éhorerf’e, which separates the land f}om the lake surface whose charaCCeriﬁtics .
<, are sharply contrasting, will produce strong horizontal gradients under
‘ different atmospheric conditions. Therefore, it has been auggeatéd that this
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strueture {& an important :onsideration in the analysis of diffusion processes,‘
especially in relation to the pbllution problem. The next problen is concetned
uith eddy transports associated with disturbances of scales from 1 to 10 knm,

<, scales which were not observed during IFYGL. As one nay recall, the observa-
tion $tations during the'IFYGL fiéld program were relatively far‘apatt; there-
fore, it was not possible to observe effects of disturbances of these scales

in transporting various quantities,'such as momentum, heat, and moisture. The

N storms. Finally, khe last problem is concerned with pollution of lake surface

Y x next to the last jloblem 1s the description and prediction of lake ef%ect .
N ’ waters.” Although'the problem involves the water instead of the air, the group
feels it is appropriate f;r us "to suggest it because the solution'depends upon
. an adequate knowledge of lake-air interaction processes, . '
After discussing the above problems, we assigned priorities. Three factors
were consgaered in assigning priorities, The three factors were the following:
(1) the socio-economic value of the problem; (2) its scientific merit; and
(3) the amount of effort and resources (money and scientific manpower) required
for conduzting the’ fesearch needed to solve the problem. Priorities in table 9
are indicated by numbérs from 1 to 3. In terms of socio-economic and scientific

' ' ualues; 1 means the highest value, Prom the point of view of effort and

v

i
. resources, 1 indtcates the least ‘amount of effort and resources required.

+ . Ry

The highest priority,problem would be that which has a 1 in all three columns.

' But no problem had 1 in all three columns because, as expected, there is a
tdﬁdency for a high fa:iﬁg in socio-economié value to gJ with a.low rating in
fl‘ieptffic megit. It has been suggested that~the table may be used for deter-
g:éing whether a university, private research organiﬁ?tion, or government

* laboratory 1s best suited to do a particular problem. The basis for this ,
suggestion is the notion that a university {s best suitq& for undertaking a

" problem with high scientific merit (basic research), while a private-fesearch
organlzation is best suited for a problem with high socio-economic value
(applied research), Moreover, a government laboratory would be ideal for doing
a problem which regg};gs<a latg: amount of effort and fasource, TFor example,

- a good problem for a university is one with a rating of 3-1-1; for 2 private .

\ i rs
regearch organization, 1-3-1; and for a government laboratory such as GLERL, 1-1-3,

In conclusion, the collection of problems which have been b;esented by my‘

. . i ?
group looks like a rerun of the ;Boundary Layer and the Lake Meteorology programs
of IFYGL, vThis similarity did not emerge by design, but rathet by chance.

&
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2.2.4 Environmental Dynamics - C. H. Mortimer, Chairman . - . * ) ;f
The environmental dynanics group had, we beliave, one of the most difficult } i
) tasks of all. One of the difficulties was defining what is meant by environ- . &4

acn:al dynanics. This we toog to inc;ude the physical dynamics of water, aig,‘k .
and solid substrate, the dynamics of chemical transformations and tramsports; w
the dynamics of biological production; and the interactions between ;}1 these.
At the same time, although we did not consider it in detail, socio-gconomic ,
interactions should be kept in nind. These ca;egories cover almost everything; ,
Perhaps surprisingly, we did come up with a consensus on a nunber of points, 2
and although we were instructed to consider science rather than policy, most of
the things we ag}eed on are in the'policy area.
We agre;d on the following: . 4
(1) The nearshore zone, defined hydrodynamically as, 10- to 15-km wide, ' .
should be the principal focus for post-IFYGL investigations and modeling
because this is the zone of maximum physical activity, haximua chemi-
czl and biological variance, and waximum human use. «
<@ The proposed concentration of field work, instrument arrays, lnd ; .
modeling efforts in the nearshore zone must not lose sight Of the
fact that the physical and biochemical driving forces are developed
g on larger whole-basin, drainage basin, and meso-atmospheric scales.

(3) Active support for,analysis of IFYGL data should continue (and this

was strongly emphasized) for several years to exploit this unique
base for progress under (2) and to plan the proposed nearahore zone
study, including essential modAling tes;‘pg activities liated belou.
(4) The distinctive mission of CLERL should be develgpment of the
scientific basis and support, with the appropriate in-house interdis-
. - ciplinary expertise and facilities, for a post-%FYGL fort directed
to the nearshore zone and for the Great Lakes  missidn-oriented pro-~ B
. .grams or needs of NOAA. '
Anong .the ﬁbAQ‘programs, we referred specifically to the Sea Grant Program and »
the Coastal Zone Hanagement Program and to interaction with the International

Joint Comnission. N - .
The International Jolnt Commission was speciﬁically mentioned because the

Research Advisory Board has been very active over the last year or so and has’

created g_number of standing committees in water quality and physical and

biologicél fieldp. The Upper Great Lakes Reference Study will be coming to an

end uithiﬁ the next 2 or'3 years,and will be reported upon. If Fanndiln . .
wooperation in . the post-IFYGL activity or in other Creat Lakes. research activities
is to come about, as wé.recommend, then the Intetnational Joint Commission ) éy

provides a convenient and proper vehicle. Recommendations of the International
Joint Commission Research Advisory Bojrds and its standing committees and

existence of the new International Joint Commission headquarters officg in

~
Windsor will facilitate Canadian-United States collaboration smoothly and

“"legally.” i ' . ‘
. l.: . . . “/4 . . P
o125
. E [N ; ‘
Jpsine AT ] -

. . ' . § o~s




- 2:;, S ¢ . . . . .
- > . - - ‘
. Turnlng nore Apecifically to the distinct aission of GLERL Hhiie part of
its tesearch effort will be directly applied to problem solving, the distinctive
. function of GLERL should be development of fundazmental undérstanding of natural
and perturbed systems throlgh: . ‘e ' .

) Observacioé, experiment, and wonitoring. , .
R (2) Model developzent, vérifie& at each stage by data produced frca new
and, qf course, existing data banks.’ .
{3) Some of the research themes should be basic, strategic, and long-term
in nature, i.e., stragegicaLly select@d to provide research support
and research output needed by identified users, by other components

of NOAA, and by other agencies involved in environmeptal njuagenment

o - and decisions. . s - . ‘
(4) The emphasis should be on natural science, rather than on social
. ~ science, although we cannot ignore the soci;l and legal aspects of
f/ institutional design which will be needed to put some of the schen~
. . tific recommendations into effect. ¢ '
' ’ (5) 1In the planning and implementation of GLERL programs, including the

proposed nearshore investigation, cooperélive activities should bg
encouraged with the academic community, dther Federal agencies, and
rcseafzh groups, both United States and Canadian--the latter case
through the International Joint Commission as appropriate.

Most of our debate was concerned not with these points of consensus, but
rather with examples of activities to be undertaken. The following possible
activities within the GLERL mission were mentioned:

(1) Designing a sampling network through a space-time analysis to develop
. . toe }he optimum spacing and frequency required to ‘inderstand matural die-

tributions and to follow sigoificant trends. **ﬁhhfﬁ
(2) Assembling and critically reviewing existing and emerging physical,
chemical, and biological data for the purpose of model testing, model
v developmqnt, and design of effective long-term strategies. This v
would include a critical review designed to detect and analyze the
) significangé of long~term trends.
' 3) Ingensivel}_studying inshore-offshore exchanges and partition of
’ energy.
(%) Studying the mechanics of upwelling and subsequent whole-basin
responses, generation and decay of nearshore currents, and transport
s of naterial, nutrients, toxins, and organishs.
« (5) Standardizing and intercalibrating methods of measurement and
. analysis. ) ) . . -
within the framework of increased unders:anding of relevant physical,
’ bLological and chemlcal mechanisma,opera;ing principally in the nearshore zone,
the scientific basis for action on a number of present or emerging Problems

* ! . - R T
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was discussed. These problens, {dentified by individual pn;:el nesbers as ]
important, were enzrgy management in the Great Lakes‘, recreational plax_ming o4 ’
'fo,r the G\reat‘.!,akcs, natural resource 1nveqtory and utilizacggn. and water . ‘ .
quality criteria. Under water quality crfteria, the following subtopics -
veré proposed by individual panel rembers: chronic sutg_le::hql'efjieccs of w >
pollutants on lak; ecosystems (not enough attentior is bg,{dg given to thgae ’

effects, which probably have long-term significance); develorment of a scien- , -

rific basis for evaluation, under the present U,§., laws, of tradeoffs between -

e

costs, technical feasibility, and the social desirability of 'zem. pollution
input; evaluation of stream loadings for bo{h nutrient‘s and. toxic substances; -
criteria, and techniques fer disposal of dredgings, ir:volvlng water quarlity , i -
criteria and r‘ecreg'&ional considerations; and shore and beach processes, including
erosion and m3terial transport. The Cladophora ptobl}lu wa?'also. identified as

eutrophication effect in the Great Lakes of maximum pgblic, visibiffty.
y p i P
o

v, .
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2.2.5 'Water Levels and Flows: - D. Meredith, Chairman
During the workshop, the research objectives and lnforaaglon needs related
to lake hydrology and regulation %ere identified. P )
A conceptual hydrologic-model of the entire Great Lakes system is needed
. that will be respoumsive Co eilsting and anticipated user needs. In order to
' move toward this objective, we recomnmend the following actions:

{1) Replace :he ptessn erpirical relationships for cormputing monthly
connecting channel ilows. This should include the implezentatiun of
the equations of contiru.ty and wotion and a iime scale required for
the devulopmént of an improved conceptual nydrolcgi:c model and other
disc.pline needs. e

(i) Make simultuneous dlacﬁatge measurenments in the connecting channels
. to callb:atg and tine the wmodel. ‘
(3) 1Investigute the application and adaptatlon of existing talnfail

. runoff, snos accumulation, and ablation models im order to aefinc
.

i basia runcff more accutately.
(4) Ub.ain tie necassary parametric input data (wind, temperature, .
radiation, etc.) to support a note‘comﬁlete conceptual hydrologic
aodel. o
(5) E«tend and refine hydrclogic models to ueg remcte sensing data.
" .(6) Investigate the magnitude and flux of'gtognd water in the system. ¢
' The f£irst phase should be a linited investigation to determine its Y
relative Otéet of magnitude, including bank _storage. Iflﬁattanfed.
a f;ll investigation would require a comprehensive data collection e ¢
and‘analysls program for use in conceptual models. ,
a7y Devslop coﬂZePCual models of lake ice infortation, growth, and decay.
(8) Investigate ice retardation in the connecting channels and the impact
. of ire.on hydrologic and coastal zone processes. This will require
a data base which includes lake heat buggets, areal ice distribution, N
and geochemical kompssltlon.
The present status of lake tegulati;n, based on trial and error procedures,
ﬁ;s proven to be inadequate. For example, both present and proposed regulétlon
plans for Lake Ontario failed last yedr. We }ecommcnd the uge of operations
. research tgchniques and stochastic inputs to derive improved regulation pla;;
.(1) The use of probabilistic and stochastic models to generate supplies

to the Lakes. Models for both lumped and individual parameters
2 M

v for the Great Lakes. This will require the following:

should be considered.
(2) Sensitivity and optimization-studies couplln% the parametric inputs

with the constraintg and cfiteria by which the optimum is defined.
(3) Inclusion of water quality, wa;gt levels, dynﬂmics. ands other i

envirommental effects in regulation criteria.

. . . & ’,
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* 3. PRIORITY RESEARCH INITIATIVES - E. J. Aubert .

You may not have had an opportunity to digest e@ery:hing fully, but this
session is now open for discussion. One topic for discussion may be areas of
overlap between the panels or areas where there are differqpces or agreements
among the recommendations. Any comments you have are appropriate at this time.
Scott. Much was said about the shore zone and I think we ought to define it.
We have to define what it is along the lines of what Prof. Mortimer was aaying:
I agree with Cliff. 1It's in quotes right now--"shore zone.”

Chapra. The Aquatic Ecology and Water Qualit} work group had some discussion

as to what was the "shore zone” in terms of its biology and chemistry. I )

would like to point out that it might be defined differently from a physic:i as

opposed to 2 biologffal or chemical point of view. This should be kept in mind

when designing a field program to insure that the ;?ne is described with a

sensitivity to all important perspectives.

Mortimer. What 1is wrong with 15 ¥m? . T

Aubert. Does an;body need a shore zone wider than 15 km? ’

Scott. I uas thinking in terms of a water quality and biological definition

as well as 5 physical definition, rather than an arbitrary boundary somewhere ,

beyond the coastal jet.

Mortimer. What drives the coastal zone biologically, chemically, and physically

is, of course, the whole lake, including the regime of the regional a;yosphere

) anq the drainage area. So I do not think we should regard this nearshore stuay
as being geographically defined in that way. I think there is going to be an

array of observations concentrating in the area of immediate interest, but

algo, in some cases, taking account of’ whole-basin motions. .
§£g££.' 1 agree with the designation ¢f scale. Maybe 10 km is a little small.
Hortimer. But we should giye some order of magnitude. To some people, the -
shore zone is the beach zone where the waves break, causing shore erosion and
transport of solids. I uould want to go to where the Kelvin waves become
unimportant, and that is 10 to 15 km offshore.

Csanady. I ._think 15 km would be fine.

Beeton. 1In the Aquagic Ecology work group, we thought that we should have
sampling out into the open lake, as Claire Schelske indicated. I do not know
exactly where that would be., It might be 15, even 20 km, depending upon Ehe
lake; in order to study the perturbations that occur in the nearshore zone, we
need reference levels. So if we study processes out in the open lake and the
same kind of thing in the nearshore zone, th:h we might start to get a handle

on some of the things that are going on. ~

Aubert. Several people hav% referred to the sampling diagram.proposed by .

Ted Green. It shows the total lake being monitored, with ghe sampling intensity
greatest in a particular segment of the nearshore zone. I think several of us

wera looking to that sort of a grid consistent,wlth what you are saying, .

D%. Beeton. . -
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Baer. How would the interactions and cost relate to the original program?

}ut was the redirection of existing resources. If they had not been workitg on

, . T

rq’ ’
- ‘

\

Worhiﬁgx Sugh 4 pattern was followed somewhat in IFYGL with a conceptratiod of
observattOns in the ﬂiagara bar, if you recall, but not on this fine a scale. . .1
The question of site has been raised. We did not consider that in tq?.Envito’—

mental Dynam%cs work group. The question of Canadian cooperation.has also been

raised. This'is a fairly long-term planning decision, and until we get a reac-

tion from our Canadian colleagues, the question ofxsites has to be’shelved, at

least for the time being. -~

Aubert. We can examine alternatives, but it is certainly premature to make a

decision at this point. )

Baer. I want some clarification on the same question I asked yesteréay morning.

You said, {f at the end I still Had the question, to ask it again. fb-appears

to me that both the Water Movements and Aquatic Ecology panels are speaking aﬁout

a son-of-IFYGL, a lgrge-scale, massive program to cqyerva great area, I an

talking about sthings on a smaller scale, not a repetition of IFYGi. -
Aubert. Why not have the chairmen of those two panels speak to your question.

ésanadz. I think the exp;ession was used, but, sshen the Water Movements group

got down to details, the experiment turned out to require a relatively concen-

trated .array. In our mind, it.is one array; and in the Aquatic Ecologi group, it

is several arrays of relatively small dimensions. These arrays are to be .
supported in o:yer that they may be put into the broader picture, by lakeward N
measurements of decreasing intensity like the T, Green diagram which seems to be

a pretty much agreed-upon scheme.

N,
Csanady. In terms of expense? ~ .

-”

5 .
Baer, In teérms of expens®, number of institutions required, and other things

of this nature.
Csénadz. I think the scope would be less than IFYGL, but.that fs my feeling.
From what we have discussed, individual members ofight feel otherwise.
Schelske. What was the IFYGL cost; for instance, the ships, buoys, and this
sort of thing? . ’ 3
Aubert. I canno: cite numbers for specific parts of it, but our estfmate of the -
total program is something like $30 million betweep the United Statcs and Canads
over a 7- to 8- year period, all of which has not been completed yet. A cost'
estimate depends on what is included. That amount was ot earmarked on the U.S.
side in a budgét item called IFYCL, A lot of existing resources were directed
toward this cooperative effort, and I think on the éanadian side the major, in-
IFYGL, they would have been working on some other Great Lakes activity. The
nuzmbers gbuld Jbe added differently, Four or five large vessels were involyed,

with many supporting ones. >

Schelgske. You are concerned about the cost. That may be the wrong way to'
approach it. Unless it is a f;irly large study, the returns may not be
maximized for the amount of money 5pen.t. I think we learned from IFYGL tha

with a large number of people iorking in the same place utilizing common -

-
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facilities, we got égre for our money. So I think the size of the progran has
to be detérnined after the requirements are defined; if it cost $10 million,
it s important- to £1ind $10 millfon. With more planning, one could get a better : .
handle on the needs. The Aquatic Ecology group felt that this study would not
be a son-of-IFYCL, but maybe a cousin to it. In terms of working in the Lakes,
it 1s entirely different. We'want to study local areas. IFYGL covered a whole .
lake, and the size of the areas that ue,pfﬁpose for study may have been covered
by only one station in IFYGL. It is an entirely different problem. ¢
Aubert. The monitoring program would undoubtedly be quite different.
Schelske. In the kind of program we are proposing, there might not be an
effective way to use the Regearcher.
Baer. The point I wanted clarified was, what is the ultimate scale of research?
I was not trg‘gé to find whether it should be big.or little at this stage. I

d

termine your recoumended optimu9 scale. Pinaﬁces, people, and

. -

was trying to

_dollars all amount to the; same thing at this stage. . A

Aubert. I think it could be put into a range between 0.1 and 1.0 of IFYGL.

The scale must be signifidant. The required data acquisition systems are not

such that one could dip a thermometer in the lake and expect to come back with

useful data. It will require }nstrumeng developrwent. The discussions referred

to more thgn 1 year of monitoring--3 ‘years of monitoring. IFYGL had primarily

1 year. The distribution of monitoring stations would be altogether different

so that the types of systems that;might be deployed would have both similarities

and differences. The time scale of mdnitcring also would probably be different.

Holland. The program will be of the pilot type tﬂrough the second year, with

field work for' 3 more years. You are going.to need time to co&plete the B '
proéessing and analysis of the data, go 18 will not be a 5-year program. It might i

be a 7- to 8-year program. Even with good advance planning and quick turn-

around of the data processing, it still takes time to digest, analyze, %yterpre%, ':; .
and integrate Another point is that we have not reviewed ongoing programs, and

I would hate to see the implication left that, if one major thrust 1is identffled -
for high priority, it consumes all the effort so that éssentially nothigg else
gets_done during this time. We have not addressed this question, but I think

our assumption is that other efforts on the whole lake or in the middle of the
lake or other problems will be taken on their wrérits and not swallowed up by

this program. This is a new initiative over and above other things that may

be ongoing. )

Aubert. Prof. Mortimer can speak to this latter point because the Envirommental
Dynamics panel discussed this question from the point of view of whether we

are talking about single~agency funding, multiagency, commercial, or a host

of other potential sources of funding.

Mortimer. Speaking for myself, I am sure that people responsible.for university
programs would be willing to modify them in order to participate in a program

of this kind. There would be nothing moge importgnt that we could do for the
Oreat Lakes than bart{cipate. The question of other cgéncies needs consideration.

. o ‘ .




Our panel did not raviow that matter becausé it would be getting into polities. .
There are, for example, two other ngenciel d;velaping missions on Lake Michigan,
and it would be sensible planning to find out what they a:t’doing and, vhere.
possible, to fuse the work togethér. T am not a fiery. proponent of large-scale
— science; but in projects of this kind, particularly if we have Canadian coop- R
eration, we can do something better together than we could do it separately.
Yost people would have a great interest in participating and would drop every-
thing they are doing for those years: The pvailability of funding would be the
key as well as the availability of research vessels which are expensive. We
do not need another Rescarcher, particulatly if it is only going to work 4} days
a week as it did'in IFYGL. : L '
Schelske. 1 want to reemphasize that the p;oposed biolog;cal program is one
that would be important from the practical point of view. Again efforts have
to’  be concentrated in the nea;shore zone where there are tributary inputs,
mupicipal water intake;} and a whole range of ecological and sociglogical problems.
We need to know about Bhort-term response as well as lqng;term.résponse.
Aubert. Many of the topics that Clifford Mortimer mentioned from the Environ- ’
_ mental Dynamics panel are obviously long term. IFYGL was a project with a
planhed start and end. This Laboratory has a long-term mission which is not
of a~project duration, although 1 cannot say what the duration may be. The focus
of this workshop was placed on a next major initiative in the Great Lakes. There
appe to be unanimity for this focus to be concentrated in the nearshore.
Many ©f the activitles that have been mentLOned are of a longer duration thap
5 to 7 years; they are decades. We cannot wait that long to produce useful
answers, but neither can we work simultaneously on all of these problems. Some
sort of a priority listing must be established. If at-some future time the
priority shifts or when some are finished, the list can be modified. Work can
only be done on problems at,the top of the priority list. Another point is
that the activities include topics that do not all conme under a single project

sttucture. B \

Csanady. In connection with eitheér a long-term oroa'éhor;*term approach, I
® want td call at:ention'to a common falling of these programs. When people come
into them.and have to design a prqgram on short lead time, an early decision
is often made that state-of-the-art instrumentation will be used instead of
‘ trying to gylve the problem the-best possible way. Let's take things off the
shelf, put them in the lake, and see what we get. This works sometimes, but . .

it would mhke much more sense to allow enough time to develop the most sophisti-

>

cated instrumentation techniques this age is capable yf. .
Aubert. The Water Movements panel report alluded to that. This means mére lead
time is required before deployment of any new major +ingtrumentation or data
collection system. . s

Beetpn. I do not see how NOAA can gevelop an effective prbgrAm in}the,Great
Lakes without.getting a handle on what {s going on in the nearshore zone so

that you can ioéically plan a longer term program. It would be very wise,

132 - :
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whether you ;311 it a saall IFYGL or souething else, to have a project like this
with ane spin-off being the definition cf the long-term program that you should
begin developing.
Sloss. 1t seexs th;n that one of the first priorities would be to define vhat
is the nearshore zone for a partiéular process. Soume of them may extend farther
out than others, and it would be a logical type of pilot study to see just what

kind of an area mu;t be lgoked at.,

Scott. We_ have now Heard the individual groups, but not too maBy people "float-

ed" between them,as was planned. Some mechanism should perhaps be developed
where the right scalei are Lsed for the processes that were mentioned. ‘ I talked
to Dgn McNaught and Fred Lee and they, complained that the wrong scales were
used.. The first ;tation was out 1 km-from shore; a.lot more detail was éeeded
near the shore. If the physical people set up a statio; pattern without con-
sulting other interested par:ies as was apparencly done in some cases in IFYGL,

. I think we are again making a mistake. Haybe GLERL will be the mechanism for

this needed intergroup cooperation.
Birchfield. I am not sure how this applies to all of the panelsi but it seems

to me that one must always make a consclous effort to make planning more than
simple instrument deveiopmen:. The tendency in }FYGL was to do only the lat%er.
As someone mentioned yesterday, the Mid-Ocean Dynamic E*perimen: had a workshop
las:ing an entire summer in which to ‘develop dynamical models that would act.

as a focal point for ideas on how to, gather the observations for that’ experiment.
It seems to me that, since the focus is on the coastal zone here, some sort of
development of dynamical models should be started right away in ‘that area, for

t

example, numericalﬁnodels. There is none now.
Aubert. This could be lumped under experimental design, I presume.
Monahan. To do.it a lit:Le more evenhandedly, 1 think evolution of the models

.

should go hand-ir-hand with the evolution of the Lnstrumen:ation and needless
to $ay, both of them should precede the actual field da:n collection. !
Aubert. . Instrurent dévelopﬁen: and numerical model development both need to
come early in order to be available when, they are needed.
Csanady. The way they’handled it in the Mid-Ocean Dynamic Experimen: was with
a scientific council. Maybe you should establish such a council if you decide
this Laboratery will suppor: such an effor:. One good and relatively cheap way
to start is to set up a scientific council and maybe have a workshop. ’
Aubert. That is a mechanism that should certainly be considered.
Compent . '1 think we need a more specific mechanism to learn about the IFYGL
results. No one has mentioned How they are going to feed into any of this
activity. What are the plans for scientific discussion of.IFYGL results?
Aubert. 1 think what we are talking about here, is more of a scientist-to- .
~scientist interaction. I will comment as to wé;t now exists, ?he IFYGL pro-
gram is divided into panels. Lloyd Richards ig the Fanadian co~chairman and I

am the Un;:ed'S:axes co~chairman of the Joint Management Teeg. ‘We are meeting
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the latter p-rt of this month to teview the status of the outlines for the
final Anternattonal ocuenttf&c Reports from each IFYGL panel which “should be *
published within the next 1 to 3 years, then to identify potential delays, ’
and finally to resolve these delays to insure that the Seientific Réporis are
prepared. Thataperhapskis a narrow objective from Eﬁe ovetall point of view,
N but these reports are considered to be the final IFYGL product. The Inter-
national Seientifio Reports will summarize all of the hundreds of articlés and

. reports :hac.will have been published in scientific jeurnals and the reporta
of various agencles and institutions. The scientist:to~scfentist interaction
in the IFYGL plan is.within éhe panels, with the panel co-chairmen defining
and producin; the scientific reports. Lloyd Richarde and I have to insure that

workable plans are developedeby the panel co-chairmen consistent with all of e

- the conflicting constraints from other programs. What you are suggesting goes

+ . beyond our plans. * > . .
. Csanady. One problem in IFYCL was cross-panel communications. Those panels T
‘e have large walls around then, ’ C. N

Aubert. Cross-panel meetings need a defined context. Lloyd Richards and I a;e

pushing from the context of the Imternational Scientifid‘keport series, the ,
product wifitch will wrap up IFYGi in 3 yeays. We believe it is important, and

1f we do not give it continuing attention, ft will never h%’pen. .

Mortimer. Another product should be a data catalog. .

Aubert. That is already included in the’'plan. People are working on it. It

is just a matter of time before the archive will be generated.and &n archive
. 4 -
catalog will be available.

Mortimer. I think there should be a final workshop meeting someday, pg;ha§§ at B

the same time as an IAGLR conference. A whole day can be spent on IFYGL Lrap-

up. It uéuld bq helpful in about 2 ;ears time.. -

Aubert. An IFYGL symposium was held last April in Washington at the American
Geophysical Union meeting. We had % dayland 11 invited papers. At the IAGLR
» conference in August 1974 IFYGL had 54 fndtvidual presentations. More pdpers

were submitted, I think. Most of chese papers will be in a special proceedings_
due to be published in the spring of 1975, but that still is not the interactiOn
you are talking of. Somebody glves a, formal ptesentation followed by a minute

of discussion. Of course, one can then seek the individual out for personal

interaction. Do you have something to suggest? ‘

Comment. One thing that would be helpful would be for someone to write a review
Lomment

paper on all the publications. R
Aubert. One of the finak Internationgl Seientific Reports will be an overview

*of IFYGL. iloyd Richards and I are listed as,Co-authors, but we may get help.

This final International Seientifie Report will not be published for 3 years. .

Csanady. Another point that- I alréady raised in a group meeting was that, when
you get these data availability cntaloés, it wou'ld be helpful if an individual

- set of data was called something orher than GS1500 235MB.
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Aubert. If you cannot learw the system, you will have to ask for assistance
from an expert. N N . .
Holland. You do not have to 1aa;5_5ye sys:eo; just take the listing, find .
what you want in it, and ask fof it. The filing system must have some such
nethodical labeltng 3ystem, and you have to give the person who works in the

files the identffication he needs to retrieve the iten you want. He has Q

catalog.- If you give him the name, he has to look up the gupber.

Schelske. Before the meeting breaks up, there 13 one thing.I would 'like to make

a statezent on. I am a little concerned about some of the items thit appear on

this 1list, in particular, zero pollution discharge. That has broad implicat{®ns.

A lot of people have worked very hard to get that kind of law en the books. We

also talk about energy management. These are almost philosophichl qyestions.

If we ape going to do that, {t is fine with me, but I think we also dught to

extend that 1ist and Include items like no-growth policies and zero popuiation ~
BLpwth. All those are related. Thcre have been tremendoys advances in terms .
of Lontrollgng pollution ftom this one law on zero pollution discharge, and if .
we now say this {s a scientific question that has to be studied, that is,

obvious. But on the other hand, we.are waking dn 1ssue out of something that is

almost philosophical. e

Aubert. I thlnk a rebuttdl £rom the Environnental(uynamics panel chairman s
needed here. . g Cow

Mortimer. These are examples of pressing national questions or quesfions some
way d?wn the road for which this Laboratory will provide part of the scientific
basis for rational decisions. I, think the important thing to stress here is
that the Laboratory should not express opinions on environmental politics, but M
should provide a sound sclentific basis fog rational decisions, 1if such.,are
possible. The zero pollution law, as defined, involves a decision, or so I am
informed by a panel menber, on what is socially desirable and what is techni-
cally practical. There will be tradeoffs between zero pollution, which is,

of course, unattainable because you have.diffuse sources as‘well as point
sources, and what is socially desirable. For wise decisions on pollution
-control, or wise decisions on the use of the Great Lakes as heat sinks, N
@ sound\scientlfic basis is needed. These points were raised by the panel only

as examples of questions for which 4 sound scientific basis is badly needed.> .
échelske. I would agéee with that), but my ¢riticism then is, why do you dis-

regard zero‘populatlon %rowch?

Mortimer. Because no panel member ;aised :bat particular qoestion.

Aubert. Thank you for attending this workshop. I hope you got as much out of
it as.we did. All who attended will get a copy of the transcribed tapes after
4

review by the principal speakers and responders. 3
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